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ABSTRACT
The nature of resistance to victorin, its effect on susceptible  
oats, and factors influencing its effect, were studied in the laboratory.
The seedling bioassay method developed by Wheeler and Luke 
was used as a qualitative and quantitative test for victorin recovered  
in plant extract-toxin mixtures. These mixtures were obtained in one 
group of experiments, by mechanically adding dilutions of toxin to 
plant extract previously obtained by maceration. In another group of 
experiments they were obtained by allowing cuttings to take up 
measured amounts of dilutions of toxin, followed by maceration of 
cuttings to obtain the mixtures. When victorin was mechanically 
mixed with plant extracts it was regularly recovered, irrespective of 
the reaction of the plants used to obtain the extracts. When the m ix­
tures were formed by maceration of cuttings exposed to the toxic solu­
tion, victorin could be regularly recovered only from extracts obtained 
from plants with a susceptible reaction.
Yeast extract, germination water (from seedlings of both 
resistant and susceptible reactions), heat inactivated victorin and other 
materials were used in combination with victorin but did not appreciably 
alter the growth of susceptible bioassay seedlings.
Respiratory studies showed that whi1 - victorin produced marked
v i i i
increases in the rate of respiration of seedlings, leaf t is su e , and root 
tissue of susceptible plants; no such in creases could be demonstrated  
in the corresponding treatments of resistant oats. Treatment with 
victorin did not affect the R .Q. , about 1. 0, in either resistant or s u s ­
ceptible oats.
The results suggested that resistant plants were able to in­
activate victorin by the p ossess ion  of certain character istics  not found 
in susceptible plants. This inactivation may or may not have been e n ­
zymatic, but occurred only in intact t is su e . Susceptibility was ap­
parently due to the absence of the mechanism for inactivation which 
made possible the interaction of victorin and host protoplasm, one 
result of which was increased respiration. It was not established  
whether the increased respiration was pathological per se .
INTRODUCTION
The toxin theory of plant d isease has received considerable  
attention recently by investigators working independently in sev era l  
areas in which a toxin was suspected of playing a part in a plant 
d isease  syndrome.
The research , herein described, deals with som e aspects  
of the toxin theory in its application to the pathogenesis of the 
Victoria blight d isease  of oats. This d isea se , f irst  d iscovered  by 
Meehan and Murphy, who a lso  described the causal organism ,  
Helminthosporium v ic to r ia e , was early thought to be, in part, due 
to a toxin produced by the fungus. These workers tested over ZOO 
varieties of oats and found that only hybrids derived from the Victoria  
variety were susceptible to the d isea se . They a lso  found that a 
culture filtrate produced by H. victoriae would affect only those 
varieties  susceptible to the d isease . Cuke and Wheeler confirmed  
this correlation of pathogenicity and culture toxin production and a lso  
showed a correlation of pathogenicity of isolate and activity  of the 
in vitro toxin. These workers investigated toxin production by H. 
victoriae as a b asis  for further studies into the toxin theory of plant 
d isea se . Although there is evidence that a toxin is responsible for 
the secondary sym ptom s of Victoria blight, cr it ica l proof is lacking;
1
m oreover, the physiology of the action of this and other proposed  
phytotoxins has not as yet been elaborated. The m echanism  of host 
response to toxins, either in resistance or susceptib ility , is largely  
unknown. This investigation was an attempt to find som e b asis  for 
res is ta n ce , or susceptib ility , of oats to the toxin produced by H. 
victoriae with the aim of establishing evidence for res istan ce  or s u s ­
ceptibility to the d isease . At the sam e tim e, it was hoped an under­
standing of host physiology would provide tools which might be useful 
in establishing the validity of the toxin theory, at least  with respect 
to its applicability to the Victoria blight d isea se .
REVIEW OF LITERATURE
In 19Z7, Victoria, a variety of Avena byzantina, with a unique 
type of resistance to oat crown rust, was introduced into the United 
States for use as a parent in cro sses  with standard agronomic 
varieties (15, Z Z ,  Z b ) .
During the years of 194 1-45, a number of new varieties de­
rived from these cro sses  were released  and became extensively cu lti­
vated. Murphy estim ated that by 1945, 75 per cent of the United 
States oat acreage was planted to Victoria derivatives, and that 90 
per cent of the acreage in the midwest was planted to these new var ie ­
ties Thus, within 5 years after re lea se , these new varieties
became the dominant agricultural oat var ie ties , and largely on the 
basis of outstanding resistance to the important races of oat smuts 
and crown rust.
In 1944, a new Helminthosporium disease was discovered on 
oats. Called Victoria blight, it was caused by a new sp ecies ,  
Helminthosporium victoriae M. and M. , which attacked only Victoria 
derivatives. By 1946-47, this d isease became so widespread and r e ­
duced yields so much that other varieties were used, and in the years  
1946-50 the oat acreage changed to 75-90 per cent Bond derivatives  
( 2 2 ).
From the initial discovery of the d isease , it seem ed apparent
3
4that a toxin was being produced which was responsib le for m ost of the 
secondary sym ptom s. The site of infection was usually loca lized  at 
the nodes or at the base of the cu lm s. However, s tr ip es  and s trea k s ,  
from  which the fungus could not be recovered  extended upward from  
these s ite s  into the blades ( 2 0 , 2  1 ).
Murphy and Meehan, Litzenbe r g e r , Luke and W heeler, all 
obtained an in vitro toxin from  cultures of the causal organ ism , which 
p o s se s s e d  the sam e host sp ec if ic ity  as the fungus i t s e lf  (15, 16, 21, 19)-. 
The latter workers devised  a highly sen sit ive  method of b io log ica l a ssay  
by which they were able to m easure quantitative d ifferences in toxic  
activity  with seedling oats. With the use of this tool, studies were  
made to determ ine whether or not the toxin produced in vitro was 
com parable to the toxin presum ed to be produced in vivo (19). Positive  
correlation  was obtained between toxin production and pathogenicity of 
culture, as well as between growth and toxin production. Highly  
pathogenic stra ins achieved maximum toxin production in 5 days (under 
certain  conditions) and it was c lear ly  dem onstrated that the toxin pro-  
ducod in v itro  was not a ly s is  product of aged cu ltu res , but a product 
of young, v igorously  growing cu ltu res. The toxin a lso  showed the 
sam e sp ec if ic ity  as the pathogen itse lf  which was a strong indication  
that the in vitro and in vivo toxins were com parable.
The active toxic principle produced by H. v ic tor ia e , in liquid
5culture, was partially  purified and named victorin .
Luke showed that the victorin  content of the crude culture  
f iltra tes  was dependent upon: pathogenicity af stra in , growth, amount 
of liquid in f la sk s ,  and the type of medium u sed  (18). The pH of the 
m edium  was d ep ressed  as toxic activ ity  in crea sed  and rose  as cultures  
aged, with an attending lo s s  of activ ity . Purification yielded a reddish  
m ateria l which was stable in acid solution and at low tem p eratu res .
It was heat lab ile  in alkaline solution and decom posed slow ly  at room  
tem p eratu re, when a lkaline. Using oat seed lings for b io a ssa y , it was 
shown that root growth of seed lings of susceptib le v ar ie t ie s  are in ­
hibited by concentrations of v ictorin  up to 1 , 0 0 0 , 0 0 0  t im es  m ore  
dilute than that required to inhibit growth in res is tan t v a r ie t ie s .  A lso  
it has been shown that partially purified m ater ia l is  com plete ly  in ­
nocuous to res is ta n t v a r ie t ie s ,  thus indicating that a secondary toxin 
such as is  known to occur in other Helm inthosporium  sp ec ie s  may be 
produced (17). Recent studies by Pringle and Braun have confirm ed  
m ost of the findings of Luke and W heeler, and in addition, these  
w orkers have indicated that v ictorin  m ay be a polypeptide (24).
In view  of the pathogen-toxin host sp ec if ic ity , Luke and 
Wheeler d ev ised  a technique for m ass  screen in g  of oats to s e le c t  
mutants res is tan t to the d is e a s e .  This co n s is ted  of applying d ilu­
tions of the culture filtrate  to germ inated  oats and then selecting  
su rvivors (30). A study of the screen ed  oats showed the entire range
6of rust reactions (14).
This finding refuted the previous concept of the inheritance 
of susceptib ility  to H. v ic to r ia e . Murphy and Meehan had concluded 
that there was a com plete linkage between the factor for resistance  
to crown rust and susceptib ility  to H. victoriae in Victoria d er iva ­
tives (<i3). L itzenberger, on the basis of experim ents with extractions  
from rust pustules and the in vitro toxin from  H. v ic to r ia e , concluded 
that the two fungi produced toxins which were comparable and that a 
single pleiotropic factor conditioned the response of Victoria deriva­
tives to the toxins, and to both d isea ses  (15).
The recovery  of mutants which p o sse ssed  res istan ce  to both 
crown rust and H. v ic tor iae , not only belied  the possibility  that a 
pleiotropic gene conditioned the reactions t.o the two d isea ses;  it a lso  
furnished evidence that if the toxin produced by P. coronata were co m ­
parable to the tL victoriae culture filtrate toxin, they could not be 
identical. The studies of L itzenberger, with toxins prepared from  
the two pathogens, were devoted to a com parison of their toxic products 
on resistant and susceptib le  hosts .
The studies by Wheeler and Luke w ere on the physiology of 
in vitro toxin production and on the physical ch aracter istics  of victorin, 
the toxic agent in culture f i ltra tes .  No study had been made to d e ter ­
mine the mode of action of the toxin, or the m echanics of host response .
7Such studies, however, had been done with less  recently known patho­
gens anu their culture toxins. Luke presented a rather extensive r e ­
view of the earlier studies into supposed plant toxins, including a 
thorough review of the literature devoted to the Fusarium wilt 
diseases (18). Such a coverage would contribute little to this paper, 
since the topic of primary interest is the toxin of H. victoriae as well 
as the mode of action of toxins and the nature of host response, in 
resistance as well as in susceptibility.
The possibility that obligate parasites such as powdery 
mildews and rusts produce toxins has been investigated by a number 
of workers and some studies into the mode of toxic action and host 
response have been made. These studies have been concerned with 
effects on host cell permeability, phosphorous distribution, and 
respiration. Thatcher and others have shown that increased perm e­
ability accompanies rust infections. It is not clear, however, whether 
this increased permeability is an effect of infection or a response to 
injury by the host (13, 2 7, 28).
Gottlieb and Garner, and Humphrey and Dulrenoy, have 
shown that there is an accumulation of phosphorous at the site of rust 
infections, although there was a lack of agreement as to whether 
phosphorous accumulated in the host or in the parasite (12, 13)-. It 
has also been shown that there is an accumulation of starches and
8sugars at these sites (1, 4). An extensive literature has accumulated 
on increased host respiration following infection by rusts and mildews. 
This increase has been ascribed to an inhibition of the Pasteur Effect. 
Explanations of the cause include: the uncoupling of phosphorylation 
from oxidation, and an increased availability of soluble carbohydrates 
(due to increased permeability or increased synthesis). Stimulated 
growth has also been offered as an explanation of increased resp ira ­
tion folloNving infection (2, 3, 8 ). Often modes of toxic action have 
been demonstrated with m aterials from culture filtrates which fail 
to show the necessary  specific ity , or correlation with pathogenicity 
of isolate (7, 9, 10). The c la ss ic  example of this is lycom arasm in.
A toxic m aterial has been isolated from the wildfire organism , 
Pseudomonas tabaci. The toxin, produced in liquid culture has been 
purified and characterized as an amino pimelic acid. Used with 
Chlorella vulgaris as a test organism, it was clearly  demonstrated  
that the wildfire toxin was a competitive inhibitor of methionine u tiliza­
tion, and that reversa l of its effects could be accom plished by adding 
methionine in a constant 5 to 1 ratio (6 , 31). The proof of this effect 
has yet t o be demonstrated in tobacco treated with toxin. This work 
however, and the recent efforts directed toward the elucidation of the 
mechanism producing Fusarium wilt in tomato, may be considered  
representative of the type of approach n ecessary  to bring about an 
understanding of the toxin theory of plant d isease ( 1 1 , 25, 2 9 ).
METHODS AND MATERIALS
Moat of the experiments were designed to make quantitative 
measurements of toxicity through the use of biological assays. The 
tests not utilizing bioassays were mostly measurements of respiration  
of test plant tissues in a Warburg respirom eter.
Test plants:
The test plants were, with one exception, oats. Varieties 
derived from Victoria were: Victorgrain 48-93, Park, and Fulgrain.
Victorgrain 48-93 was the most commonly used susceptible variety. 
Camellia, a Bond derivative, served as a resistant control plant in 
many of the tests . Corn coleoptiles were used in one test.
The plants were used as a source of cuttings or as germinated 
seedlings. Cuttings were used in tests  to recover toxin, as a source 
of tissue for respiratory studies and as a source of plant extracts used 
in bioassays of toxin. Cuttings were obtained from plants which ranged 
from 3 weeks old and 10 to 12 inches ta l l : to older plants up to and in ­
cluding some in the boot stage of development. Germinated seedlings 
were used in the respiratory studies and in all bioassays.
B io assay s:
Oats were germinated by washing them in running tap water for 
20 to 30 minutes, followed by incubation at 22°C for 40 hours in a
9
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m oist chamber.
Seedlings with a primary root 5 mm long were se lected  for 
uniformity. Five were placed in a petri dish containing 5 ml of so lu ­
tion to be assayed. The degree of seedling inhibition (primarily root 
inhibition) as exhibited by the length in min attained in different dilu­
tions of the test solutions gave an indication of the activity of the toxin. 
The dilution at wnich the growth of the longest root was inhibited 50 
per cent was used as a point of reference for comparison of trea t­
m ents, or te s ts ,  and was term ed the LD^q.
Since victorin, the active principle of the H. victoriae culture 
filtrate toxin, is specific for Victoria derivatives, the use of Camellia  
seedling controls served  as a qualitative indicator of its presence. In 
many ca ses ,  plant extracts exhibited a low degree of nonspecific 
toxicity. The liquid diluent was a citr ic  acid-disodium  phosphate 
buffering system . This was made up of 2 parts 0. 1 M citric acid to 
i parts of 0 .2  M disodium phosphate, mixed in 145 parts of water. This 
solution was used as a buffering system  in all cases  where a buffer is 
cited.
Toxin:
The toxin used was obtained from the liquid medium in which 
cultures of H. victoriae had grown. The medium was modified F r ies '  
medium composed of 5 .0  g ammonium tartrate, 1.0 g ammonium  
nitrate, 1.0 g potassium phosphate (dibasic), 0. 5 g magnesium
11
sulphate (MgSC>4 . TH^O), 0. 1 g sodium  ch loride, 0. 13 g ca lcium  
ch loride, a ml of a trace  e lem ent solution (or a few mg of yeast  
extract), a ll d isso lved  in 1000 ml of d ist il led  w ater. Cultures were  
grown in E rlenm eyer f la sk s  on 20 to 30 ml of medium in 125 ml 
f la sk s ,  or 35 to 40 ml of medium irf 250 m l f la sk s . A 1 m l su sp en ­
sion of m ycelium  was added to each flask  after s ter il iza tio n . The 
m ycelia l suspensions were obtained by m acerating an oatm eal agar  
plate cu lture, or 2 oatm eal agar slant cu ltures of H . v ictoriae in 100 
ml of F r ie s '  medium for 1 minute in a Waring blendor.
The flasks seeded  with m yceliu m  w ere then allowed to stand 
in s t i l l  culture for 5 to 6  days or 12 to 13 days, depending upon whether 
125 or 250 ml E rlen m eyer  f la sk s ,  were used. At the end of this  
period, the liquid was drained from  these f la sk s ,  the m y ce lia l mat 
which developed in them p ressed  in ch eese  cloth, and the liquid c o l ­
lec ted  used as a toxic f i ltra te . The culture filtrate  contained an active  
toxic princip le , v ictor in , which inhibited the growth of susceptib le  
seed lings but not res is ta n t seed lin g s . Victorin a lso  caused  browning 
and wilting of cuttings of susceptib le  plants, but not res is ta n t plants.
In som e t e s t s ,  it was desirable to rem ove som e of the im ­
purities of the culture f i l tra te . To do th is , elution of toxin from  
charcoal was practiced .
Elution of toxin from  ch a rco a l:
For every  100 ml of culture filtrate  heated to near 100°C,
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1 g of activated charcoal was added. The suspension thus created was 
stirred , allowed to stand for 3 or 4 m inutes, and then filtered through 
Whatman no. 1 f ilter  paper. The charcoal f iltered  off was washed  
with 1 0 0  ml of warm water to rem ove sugar and other im purities.
The charcoal was then mixed with 20 to 30 ml of a warm acetone - 
HC1 mixture (9 parts acetone to 1 part 0. IN HCl)~ This was allowed  
to stand for 3 to 4 minutes and then filtered , more acetone-HCl was 
m ixed with the charcoal and tnis was repeated until approximately  
100 ml was used. The eluate obtained was then put in evaporating 
dishes and placed under a hood. When all the acetone had 'vaporated, 
the residue in the dishes was taken up, and brought to the desired  
final volume with d istilled  water. This served  as a partially purified  
source of victorin .
Extraction of plant m aterial:
The procedure used was subject to many minor variations.
Ba s ica lly , a weighed amount of plant m ateria l was m inced, then 
m acerated in a Waring blendor with a m easured amount of water or 
buffer solution; or it was m acerated by mortar and p estle . In tests  
to recover toxin, mortar and pestle were used ex c lu siv e ly , often in 
an ice bath and with quartz sand to facilitate rupture of c e l ls .  After 
m aceration the sap was exp ressed  in a hydraulic p ress ,  using 1 0 , 0 0 0  
to 2 0 , 0 0 0  psi.
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R espiratory  studies:
These were conducted in a Warburg apparatus. All te s ts  
were done at 25°C under aerobic conditions. Treatm ents were made 
either before m easuring resp iration  or during m easu rem en t. After  
m easu rem en t, the sam ples  w e r e  usually dried for 3 days at 75°C 
and the data were usually  in term s of m icr o liter s  of gas (taken up or 
evolved^per hour per gram  of dry weight (mm^ g a s /h r .  /g dry wt. ).
I. THE RECOVERY OF TOXIN FROM CUTTINGS
The one hundred-thousandfold difference in susceptibility  
shown by Victorgrain seediings to victorin as compared with Camellia  
seedlings (as shown by Wheeler and Luke) makes possible a number of 
hypothetical situations which might explain this difference.
One explanation would be that the toxin is not taken up by re­
sistant plants. This would be difficult to demonstrate with seedlings 
or whole plants but is readily accomplished through the use of cuttings. 
Cuttings have been exposed to solutions containing victorin, and the 
resistance and susceptibility found in whole plants and seedlings of 
different varieties has been found to hold true for cuttings as well.
Thus, barring differential uptake by the cuttings ( i .e .  , dif­
ference of volume of toxic solution taken up, or selective uptake or 
rejection of the toxic principle) it would not seem  likely that resistance  
is merely a result of physiological "escape". Nevertheless there re­
mains a possibility that the victorin actually does not penetrate to 
sensitive areas of metabolism within the cell but is somehow stored  
or retained in sites where it cannot act. If this were true then ex ­
tractions of exposed plant materials or cuttings should contain detect­
able amounts of victorin, and if the uptake of cuttings of resistant and 
susceptible plants is comparable on a volume-weight basis , then as
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much or more victorin should be recoverable from resistant plants, 
as from susceptible plants.
Another possibility is that victorin is taken up by resistant 
plants and that it does penetrate the areas of host metabolism where 
it exerts the same detrimental effects which are lethal to susceptible 
plants, but, which are overcome in resistant plants through the pos­
session  of more than one metabolic pathway through which metabolism  
can proceed normally. Barring this possibility, victorin may be in­
activated through the metabolism of the resistant host and become 
harmless or even useful end products, or, the activity of victorin  
may be suppressed by some factor such as the pH of resistant cell 
sap or some other factor or condition not satisfied in susceptible plants.
A different approach to these possibilities could be based on 
an assumption that the toxicity of victorin is indirect and that only 
after being taken up by susceptible plants is a toxic material formed 
which produces the lethal and inhibitory effects observed. This might 
take place through the metabolism of the susceptible host with the con­
sequent production of a toxic end product which could then exert its 
effects. It might result from a simple chemical combination of 
victorin and some cell constituent to produce a toxic compound 
capable of blocking a metabolic pathway or exerting some directly  
toxic effect upon the susceptible host ce ll. Possibly a nontoxic r e ­
action product is formed which is in turn metabolised to produce a
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toxic end product which would exert the inhibitory e f fe c ts .  If th ese  
w ere the c a s e s ,  the particular m etabolic  step , or s te p s ,  e s se n t ia l  to 
the production of a tox ic  end product would be absent in res is ta n t  
plants, or e l s e  the ch em ica l constituent e s s e n t ia l  to a toxic com bina­
tion with v ictor in might be l im ited .
The f ir s t  sec t ion  of this paper d e scr ib es  attem pts to su b ­
stantiate or e lim inate  so m e of these  p o ss ib i l i t ie s  by estab lish ing  
whether v ictor in  or so m e other toxic product would be recov ered  
from  exp osed  oat cuttings, and by estab lish in g  the conditions for  
such a r e c o v e r y , should it m a te r ia l iz e .
E xperim entation  and R esu lts  
Oat cuttings w ere placed in solutions containing victorin  
(e ith er  crude culture f i l tra tes  or sem ip u rif ied  m ater ia l)  for sp ec if ic  
tim e in terv a ls .  A fter rem oval from  the so lu tio n s , the im m e r se d  
portions w ere cut off and d iscard ed , w hereas the rem ainder was 
m acerated  wi th the addition of liquid. Liquids w ere then e x p r e sse d  
from  the resu ltant pulp under p r essu r e  and s to red  at 0 ° -2 °C  until 
a ssa y e d .
E xperim ent o n e:
Park and C am ellia  cuttings w ere exp osed  to low co n cen tra ­
tions of v ictorin  by placing them  in a toxic culture filtra te  diluted
1/10  and 1/100 with buffer solution. P lants p laced  in buffer alone  
se r v e d  as co n tro ls .
17
Park cuttings wilted in the 1/10 dilution alter 24 hours; in the higher 
dilution alter 48 hours. The Park control and all Camellia cuttings 
were unaffected. Extractions were made from the cuttings exposed  
to the 1/10 dilution of toxic filtrate . The leafy , upper parts (tops) 
were extracted with an equal weight of water. The sam e was done 
with the stem  portion. The tops and stem s of the control cuttings 
were then extracted, and all extracts were diluted, and assayed .
The residual toxin (the toxic solution to which the cuttings had been  
exposed) was a lso  diluted and assayed .
Root elongation of the Victorgrain b ioassay  seed lings was 
m easured after 3 days. The data in Table 1 show that; (1) all extracts  
including those from  control cuttings inhibited root growth at the 
highest concentration tested; (2) the extract from  Park tops was 
more inhibitory than the stem  extract; (3) extracts from  C am ellia  
cuttings exposed to toxin were no more toxic than the controls; (4) only 
the Park top extract, from  cuttings exposed to the toxic filtrate,  
showed toxicity beyond that exerted  by the control, thereby indicating 
the presence of a nonextract toxin.
Experim ent two:
In view of the degree of toxicity exerted  by the Park (tops) 
extract, an extraction was made and assayed , with Cam ellia  seed lings  
as well as Victorgrain to determine whether this extract inhibition was 
due to a reaction product (which theoretica lly  would be nonspecific) or
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Table 1. Length in mm of Victorgrain. seedling roots grown in extracts  
obtained from  cuttings exposed to culture filtrates of H. 
victoriae.
Treatments Extract dilution
(Source of extract)_________Exposure to toxin______ ' 1/2 1 /10 1 /100
Park (tops) 24 hours 8 40 6 2
Park (stem s) 24 hours 41 63 63
Park (tops and stem s) none (control) 24 50 69
C am ellia  (tops) 24 hours 2  1 49 61
Cam ellia (stem s) 24 hours 24 52 61
Cam ellia (tops and stem s) none (control) 18 48 62
to victorin. Park cuttings were again exposed for 24 hours to a 1/10  
dilution of the culture filtrate , and extracted with buffer solution, 0 .75  g 
to 10 m l. This extract was diluted and b ioassayed . The root growth in 
mm of seedlings at 0, 1 /10, and 1/100 dilutions were: with Victorgrain  
seedlings 19, 15, 55, and (water control) 51; with Cam ellia  seed lings ,
50, 73, 6 8 , and (water control) 79. These data show that at high con-
(
centrations both susceptib le and resistant seedlings were inhibited. 
Nonetheless it is evident that a specific  toxin was recovered , since  
Victorgrain seedlings were strongly inhibited at lower concentrations  
while Cam ellia seedlings were not. While this does not disprove the 
formation of a toxic reaction product, no indication of such is  apparent.
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Experiment three;
This  t e s t  was  conduc ted  as a r e p e a t  of e x p e r i m e n t  one ,  to 
c o n f i r m  the r e s u l t s  ob ta ined  in t h a t  t e s t .
Cam ellia and Park cuttings were exposed to a crude filter  
diluted 1/5 for 12 hours. Cuttings of each, in buffer solution, served  
as controls. After exposure, the upper portions of the cuttings were 
extracted with a weight of water (instead of buffered solution), 2. 5 
tim es that of the weight of the plant m aterial extracted. The extracts  
were diluted and b ioassayed with Victorgrain seed lings. The m ea su re­
ments were taken for 3 days growth.
Table 2. Length in mm of Victorgrain seedlings grown in extracts of 
cuttings exposed to a culture filtrate of H. victoriae.
Treatme nt Dilution of extracts
Source of extract Exposure to toxin 1 / 2 1 / 1 0 1/50 1 / 1 0 0
Park tops 1 2  hours 1 2 1 1 2 2 34
Park tops none (control) 62 1 0 2 115 8 8
Camellia tops 1 2  hours 34 29 35 95
Cam ellia tops none (control) 34 58 91 83
The data in Table 2 show that: (1) all extracts were inhibitory 
at the higher concentrations, (2) Camellia extracts from nonexposed  
plants (controls) twice as inhibitory as the extracts from Park control
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at 1/2 and 1/10 dilutions, (3) inhibition beyond the controls was evident  
in all dilutions of exposed Park extracts and a lso  in the 1/10 and 1/50  
dilutions of the exposed Cam ellia  ex tracts .
Experim ent four:
V ictorgrain cuttings were used in place of Park as the s u s c e p ­
tible variety . V ictorgrain and Cam ellia cuttings were placed in a 1/10  
dilution of culture filtrate for 12 hours. Weight and volume changes of 
cuttings and solutions were recorded. Cuttings in buffer served  as 
con tro ls . Since the L.D5 Q of the toxic solutions before and after cutting 
exposure was desired , a sam ple of the diluted filtrate was se t  aside in 
cold storage at the beginning of the test .  After 12 hours, the upper 
half of each group of cuttings was extracted  in a volume of buffer equal 
in weight to the weight of the cuttings at the start of the exposure.
The extracts and culture f iltra tes  (both before and after exposure)  
were diluted and assay ed  with Victorgrain seed lin gs .
B es id es  making a quantitative study of uptake (of liquids and 
toxic activity) so as to be able to make quantitative est im ates  of toxin  
taken up and recov ered , this te s t  furnished data on weight changes,  
and effects of the cuttings on the toxic so lutions.
The C am ellia  cuttings exposed to the toxic solution weighed  
24 g at the start of the test  and 17 g at the encl. The net lo s s  of weight 
was 7 g. Uptake of toxin was 11 ml and 8 . 5 g of t is su e  from  the upper 
half of the cuttings was extracted with 28 ml of buffer solution.
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Tabl3 3. Length in mm of Victorgrain seedling roots grown in extracts 
of cuttings exposed to a culture filtrate of_H_. victoriae and to 
the culture filtrate itself.
Treatme nt
Dilution of filtrate
1 / 10Z 1/103 1/104 1/105 1/106
Toxin alone, unexposed 14 40 51
Toxin after exposure to Victorgrain 11 13 38 37 49
Toxin after exposure to Camellia 6 13 34 45 52
Source of Dilution of extracts
extract Exposure time 1/2 1/4 1/20 1/40 1/200 1/400
Victorgrain tops 12 hours 5 5 21 21 37 53
Victorgrain tops none (control) 5 7 36 38 60 51
Camellia tops 12 hours 5 7 29 41 53 59
Camellia tops none (control) 5 7 34 39 54 52
The Camellia control cuttings weighed 28 g at the start of the 
test, and 24.5 g at the end. The net loss in weight was 3.5 g. The 
uptake was 17.5 ml and 12,25 g of tissue from the tops was extracted  
with 28 ml of buffer solution.
The Victorgrain cuttings exposed to the toxic solution weighed
29. 5 g at the start of the test and 18. 5 g at the end. The net loss in 
weight was 11 g. The uptake was 14 ml and 9.25 g of tissue from the 
tops was extracted with 29.5 ml of buffer solution.
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The Victorgrain control cuttings weighed 39 g at the start of 
the test and 30 g at the end. The net loss of weight was 9 g. The 
uptake of solution was 19. 5 ml and 15 g of tissue from the top was 
extracted with 39 ml of buffer solution.
The results of the b ioassays, which were conducted with 
Victorgrain 48-9 3 seedlings are given in Table 3. The activity of 
the residual toxin solutions to which Camellia and Victorgrain 48-93  
cuttings had been exposed were, in both ca se s ,  equally reduced to 
about 90 per cent of that of the original toxin, indicating that no 
differential inactivation by fluids discharged by C am ellia, but not 
by Victorgrain cuttings, had occurred. Both control extracts showed 
approximately the same degree of inhibition. The ml of net uptake 
per g weight or the T.Q. (''Transpiratory Quotient) was for Camellia  
exposed cuttings 0.46, for control cuttings 0.62^ for Victorgrain 
exposed cuttings 0 .4 7 , for control cuttings 0 .50 . Thus the uptake 
of control cuttings was slightly greater than the uptake of exposed  
cutting. The uptake of exposed cuttings was virtually the same for the
two varieties. The activity of the Victorgrain residual toxin was b e -
2 3tween 5 X 10 and 5 X 10 m illi-units per ml of 1/9 dilution. Hence 
(using the higher value') 70 units were taken up in 14 ml. The LD^q 
of Victorgrain exposed extract was at the 1/200 dilution, hence 29.5  
units or 42 per cent of the activity was recovered. If the activity of
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the toxin were distributed equally in tops and stems of the cutting then 
this would represent the recovery of 84 per cent of the toxin taken up. 
The data in Table 1, however indicate that the activity is recovered  
only from the tops. Assuming that this is true and that the tops ex ­
tracted contained all activity taken up, then 1.97 units were recovered  
per g weight out of 4 .67  units possible. There was no inhibition in the 
Camellia extract greater than that exerted by the control.
Experiment five:
A 4 hour exposure period to sem i-purified victorin diluted 
1/10 was used with Camellia and Victorgrain cuttings. Cuttings in 
buffer solution ser /e d  as controls. The cuttings were frozen im ­
mediately after the exposure period, and then were thawed and ex ­
tracted with acidified water at a low temperature in an ice bath. After 
the sap was expressed, it was centrifuged and the volume of the super­
natant liquid measured. The dilutions of the extracts were made on 
the basis of the control extracts which were 1. Hence 1. 3 ml was 
used in 10 ml of the first Camellia dilution, and 1.5 mi was used in 
the first Victorgrain dilution. This procedure put all extracts on an 
equal weight-volume basis .
There was essentially no weight loss over the duration of the 
4 hour test. The Camellia cuttings exposed to toxin solution weighed 
62 g; 17 g from the exposed ends was removed leaving 45 g to be ex ­
tracted. Nine ml of toxic solution was taken up, and T.Q. was 0« 15.
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There was 62 ml of extract at the end of p r o c e s s in g .  The pH of the e x ­
tract was approxim ately  4 .0 .  The t i s s u e -e x tr a c t  ratio was 1: 1 .33 .
The fresh  weight of the C am ellia  control cuttings was 29 g.
Six m l of buffer solution  was taken up and the T .Q . was 0 .2 1 .  The
final volum e of ex tract  was 24 m l. The pH of the ex tract was ap p rox i­
m ately  4 .0 ,  and the t is s u e -e x tr a c t  ratio  1:1.
The V ictorgrain  48 -9  3 cuttings exp osed  to the toxin solution  
w eighed 97 g; 16 g was rem oved  from  the exp osed  ends leaving 81 g 
of t is su e  to be ex tracted . 11 .5  m l of toxic  so lu tion  was taken up 
(Note: bottom s of som e cuttings w ere not su bm erged  by the end of test)  
and the T .Q . was 0. 12. The final volum e of ex tract was 118 m l, final 
pH, ap proxim ately  4 . 0 ,  and the t is su e  ex tract ratio , 1 :1 .5 .
The fr e sh  weight of the V ictorgrain  48 -93  control cuttings
was 32 g. Four g was rem oved  from  the ex p osed  ends and d iscarded  
leaving 28 g to be ex tracted . The final volum e of the extract was 
25 m l, 8 .5  ml of buffer solution was taken up, and the T .Q . was 0 .2 7 .  
The pH of the extract was 4 .0 ,  the t issu e:  extract ratio , 1:1. The 
b io a ssa y s  w ere made with V ictorgrain  4 8 -9 3  s e e d lin g s .
The V ictorgra in  control ex tract was s lig h tly  m ore inhibitory  
than the C am ellia  ex tract at a 1 /10  dilution. N either control ex tract  
was very  inhibitory at the other d ilu tions, and the C am ellia  exposed  
cutting extract was no m ore inhibitory than the co n tro ls .  The activ ity  
of the toxic solution was m ore than 50 units per ml at the beginning of
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Table 4 . The length in m m  of V ictorgrain  seed lin g  roots grown in 
ex tracts  of cuttings exposed  to se m i-p u r if ie d  v ic tor in .
T reatm e nts 
Source of extract E xposure
Dilution of ex tracts
1/10 1/20 1/100 i /2 0 0 1/1000
V ictorgrain  tops 4 hours 9 18 41 51 54
V ictorgrain  tops none (control) 23 52 59 59 57
C am ellia  tops 4 hours 46 50 59 5 1 50
C am ellia  tops none (control) 42 59 61 48 60
the te s t .  Since the duration of exp osu re  was sh ort, the activ ity  probably  
did not drop below  50 units at the end of the te s t .  Using 50 units per m l 
as a b a s i s ,  the C am ellia  cuttings took up 450 u n its , of which none was 
reco v ered . The V ictorgrain  cuttings took up 575 units of which at 
le a s t  9. 1 and p ossib ly  as much as 45. 5 units w ere rec o v ered . This  
would be between 1 .6  and 7 .9  per cent of the total p o s s ib le ,  representing  
a much sm a lle r  r e c o v ery  than in the previous 12 hour exposure e x p e r i ­
ment (Table 4).
E xp erim en t six:
V ictorgrain  cuttings w ere placed in a toxin dilution and in a 
buffer control for 2 h ou rs. The extraction  procedure was id en tica l to 
the ex traction  in the preceding te s t .
The V ictorgrain  48 -9  3 cuttings that w ere in the toxic solution  
w eighed 55 g. They took up 6 ml of solution in 2 hours and the T .Q .
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was 0. I 1.
The control cuttings weighed 62. 5 g and took up 8 nil of so lu ­
tion in two hours and the T .Q . was 0. 13. Ten g was removed from the 
exposed ends of both treatm ents. The volume of the extracts obtained 
were: 54. 5 ml from  the toxin exposed cuttings and 52. 5 ml from  the 
control. B ioassays  were with C am ellia and Victorgrain seed lings.
Table 5. Length in mm of Victorgrain seedling roots grown in extracts  
from  cuttings exposed to Victorin.
Treatment Dilution of extracts
Source of extract Exposure 1/10 1/20 1/100 1/200
Victorgrain tops 2 hours 25 24 50 47
Victorgrain tops none (.control^ 41 49 52 57
The data in Table 5 show very slight inhibition exerted by the
highest concentration of the control extract and 50 per cent inhibition 
by the exposed extract at a 1/20 dilution.
The activity of the 1/10 solution of victorin was 5 units per ml. 
Six ml and 30 units were taken up. Total activity recovered  was 5 .45  
units or 18 per cent. This represents a larger recovery than in the 
previous test when the cuttings were exposed for 4 hours. However 
the uptake was alm ost twice as rapid since the T .Q . was 0. 11 after 2 
hours compared to 0. 12 after 4 hours in the previous te st .  This would 
indicate that the activity should have accumulated twice as rapidly and
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the percentage of recovery was nearly twice the maximum of 7 .9  per 
cent in the preceding test. The assays  with C am ellia seedlings showed 
only a slight inhibition ol growth at the highest concentration of each 
extract. This is considered to be due to *he inhibition of the extracts  
th em se lv es .
In connection with this experim ent, an attempt was made to 
adsorb toxin from the extracts with activated charcoal, and to elute 
the toxin with acidified acetone. The m aterial separated in this 
manner proved (in b ioassay) to be inhibitory at a low dilution, but un­
sp ecif ic , since Cam ellia seedlings were affected as much as Victorgrain  
seed lin gs . In a previous attempted elution, considerably more inhibi­
tion was attained. However, the a ssa ys  were with Victorgrain  
seedlings only.
Experiment sev en :
The 2 objectives of this experim ent were to compare the r e ­
covery of toxin from 6 exposure periods, and to determine the shortest  
exposure period n ecessary  to irreversib ly  wilt susceptible cuttings.
Park cuttings were exposed to 1/10 dilutions of culture filtrate  
for 1, 2, 4, 8, 16, and 24 hours. After each exposure period had 
elapsed , the cuttings exposed were washed and transferred  to flasks of 
distilled  water, All cuttings becam e wilted. Cuttings exposed 4 or 
more hours were obviously wilted 12 hours after the beginning of 
te s t .  After 24 hours in distilled water the cuttings submitted to a 2
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hour exposure were badly wilted while cuttings exposed for 1 hour 
were wilted perceptibly. Although there was no recovery from wilting, 
cuttings exposed up to 8 hours, would frequently produce unwilted new 
blades if allowed to stand in water for several days. The cuttings ex ­
posed 8 or more hours lost from 60 to 70 per cent of their original 
weight after 24 hours. This test was repeated, and the pattern of 
wilting and new blade production confirmed.
The same exposure periods were used for another group of 
Park cuttings. The tops of these were extracted, after exposure, with 
20 ml of buffer solution. These extracts were diluted and assayed with 
Camellia and Victorgrain seedlings.
Table 6. Length in mm of roots of Victorgrain and Camellia seedlings 
grown in extracts of Park cuttings exposed to culture filtrate 
of H. victoriae for 1 to 24 hours.
Dilution of extracts
Victorg rain roots Camellia roots
Length of 
exposure 0 1/2 1/10
Water
1/100 control 0 1/2 1/10 1/100
Water
control
1 hour 18 33 33 58 - 35 43 62 63 -
2 hours 13 28 48 47 - 33 42 65 82 -
4 hours 12 24 41 54 - 29 29 61 74 -
8 hours 5 10 41 59 - 25 41 64 64 -
16 hours 1 1 2 1 42 66 * 31 61 69 95 -
24 hours - 30 51 64 - - 63 79 68 -
none
(control) 36 48 54 53 57 25 40 60 63 66
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The data in Table 6 show that the control extract was inhibitory 
only when diluted less  than 1/10. The extracts from exposed cuttings 
did not inhibit Camellia seedlings more than the control extract. 
Evidence of victorin recovery was shown in the undiluted, 1/2, and 
1/10 diluted exposed cutting extracts, excluding the 24 hour exposure 
cutting extract. The greatest recovery of victorin was by the 4 to 16 
hour exposed extracts with a peak being at or near 8 hours of e x ­
posure. The reduction of activity in the 24 hour exposed cutting 
extract may be attributed to (1) the general loss of activity which 
attends the prolonged standing of victorin at room temperature (which 
undoubtedly would occur within plant materials as well as without),
(2) a possible reduced uptake of the solution during the latter part of 
the exposure period. The first possibility would sufficiently explain 
the reduced recovery.
Experiment eight:
Camellia and Victorgrain cuttings were exposed to culture 
filtrates diluted 1/10 for 12 hours. The tops in one group were ex ­
tracted immediately, and in another group, transferred to buffer 
solution for 12 hours before extraction. This was done to determine 
how much of the victorin recoverable after 12 hours of exposure, could 
be recovered after the exposure period was followed by a 12 hour 
period of water uptake. The loss  of activity in the previous test
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indicated that the degeneration of victorin in plant tissu e  was fairly  
rapid.
The tops of cuttings extracted im m ediately after exposure  
to the f iltra te , and the control cutting tops were extracted with twice  
their original weight of buffer solution. The cuttings which were 
transferred  to water for 12 hours were extracted (top and stem s) in 
a volume of buffered solution equal to the original fresh  weight.
Weight and volume changes were recorded. The extracts were diluted 
and assayed  with Victorgrain seed lings .
Victorgrain 48-93 cuttings exposed to toxin weighed 6. 5 g 
at the beginning of the test .  They took up 2 .9  ml of solution and 
weighed 5, 3 g at end of test with a T .Q . of 0 .4 5 .  The net lo ss  of 
weight was 1.2 g. The upper portion extracted with 13.0  ml of buffer 
solution weighed 3.7 g. The pH of the extract was 6 .5 .
The Victorgrain control cuttings weighed 6. 6 g at beginning 
of test .  They took up 8. 1 ml of solution and weighed 7 .4  g at the end 
of the test  with a T .Q . of 1 .2 . The net increase  in weight was 1.2 g. 
The upper portion m acerated  with 13.2 ml of buffer solution, weighed
5 .4  g.
The C am ellia  cuttings exposed to toxin weighed 3 .8  g at the 
beginning of the test .  They took up 2. 2 ml of toxin and weighed 4. 2 g 
at the end of the test with a T .Q . of 0 .5 8 .  The net in crease  in weight 
was 0 .4  g. The upper portion, m acerated with 7 .2  ml of buffer
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solution, weighed 3.0  g. The pH of the extract obtained was 6 .4 .
The Camellia control cuttings weighed 4. 6 g at the beginning 
of the test. They took up 4 .6  ml of solution and weighed 5 .0  g at the 
end of the test with a T .Q . of 1.0. The net increase in weight was 
0.4  g. The upper portion macerated in 9 .2  ml of buffer solution 
weighed 3.8 g.
The Victorgrain cuttings which were transferred from toxin 
to buffer after 12 hours weighed 22. 6 g at the beginning of the test.  
They took up 5. 8 ml of toxin, 13. 2 ml of buffer, and weighed 15. 8 g 
at the end of the test. The net loss  in weight was 6 .8  g.
The Camellia cuttings which were transferred from toxin to 
buffer solution after 12 hours weighed 23. 3 g at the beginning of the 
test. They took up 6. 6 ml of toxin solution and 10. 3 ml of buffer 
solution. They weighed 21. 3 g at the end of the test, a net loss  of
2. 0 g.
The hioassays were done with Victorgrain 48-93 seedlings.
Table 7 shows the data obtained. The LD^g of the culture 
filtrate diluted 1/10 was 1/10"* before exposure to toxin hence the e s t i ­
mated activity per ml of uptake after 90 per cent inactivation was 50 
units. The victorin activity of the Victorgrain extract was between 
0. 65 and 3. 3. Hence on the basis of uptake ,^ 145 units were taken up. 
This represents a recovery of between 0.45 and 2.2 per cent.
32
Table 7. The length in mm of roots of Victorgrain seedlings grown in
extract obtained from cuttings exposed in toxic culture filtrate  
for 12 hours: then extracted (group A), then transferred to 
buffer solution 12 hours before extracting (B).
Treatments 
(Source of extract) Exposure period 1/5
Dilution of extracts  
1/10 1/50 1y100
Group A 
Victorgrain tops 12 hours 5 25 49 78
Victorgrain tops none (control) 30 55 89 85
Camellia tops 12 hours 11 50 76
Camellia tops none (control) 23 65 75 -
Group B
Victorgrain
(tops and stem s) 12 hours 35 42 54
Victorgrain (tops) none (con tro l) 30 55 89 -
Camellia (tops) 12 hours 44 48 6 3 -
Camellia (tops) none (control) 23 65 75 -
After transfer to buffer solution for 12 hours no activity could 
be detected in the extract of the exposed Victorgrain cuttings.
The Camellia extract in group A showed a slight degree of in ­
hibition beyond that exerted by the Camellia control extract which may 
have been due to victorin.
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Experiment nine:
Camellia, Victorgrain, and Fulgr&in cuttings were exposed to 
semipuriiied victorin diluted 1/10. Cuttings in heat inactivated 
victorin at the same dilution served as controls. The exposure 
period was 4 hours. The same extraction procedure was followed 
as in Experiment six but the final pH was adjusted to between 5 ard 6. 
The extracts were diluted and bioassayed with Victorgrain seedlings.
In a joint bioassay, seedlings were exposed to the extract dilutions 
for 5 hours, then were transferred to dishes with buffer solution.
The object of this was to try to attain an inhibitory dosage from any 
victorin which may have been recovered and at the same time to re ­
duce the inhibition attributable to the plant extract itself. A bioassay  
ser ies  of the victorin used was also handled in the same manner.
The data obtained from both assays showed no evidence of 
any inhibition other than the inhibition of the extracts them selves. 
However the bioassay of the residual toxic solution revealed that its 
toxic activity had decreased more than 99 per cent. This would account 
for the failure to recover any trace of activity from the extracts.
E*Pe riment ten:
The recovery of victorin from exposed susceptible cuttings 
led to an attempt to recover a toxin from infected plants.
Park and Camellia oats, 5 weeks after planting in greenhouse 
flats, were inoculated with H. victoriae. The inoculum consisted of
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sm all pieces of mycelium which had been grown in nutrient broth for 
1 week, in test tubes. The mats were washed in a filtration funnel 
with tap water prior to inoculation.
The treatment of each of 8 plants of each variety was: oats
wounded and inoculated, oats inoculated without wounding and oats 
wounded but not inoculated. All wounding and inoculating was done 
at the soil line. Wounding was accomplished by rupturing the epidermis 
at base of the culms with a testing needle; inoculation, by putting 2 or 
3 sm all (1-2 sq cmf bits of inoculum at the designated site. After 
treatment, pads of absorbent cotton were placed around the base of 
the culms and kept m oist to maintain humidity. Leaves and sheaths 
showing wilting or streaking were removed at this tim e.
Six days after treatment, some leaves began to show streaks 
and discoloration. These symptoms appeared in both inoculated and 
non-inoculated plants although the inoculated plants shewed more 
symptoms. The effected leaves or portions of leaves were removed 
and macerated. Ten ml of buffer solution was used to extract with 
each treatment. After maceration the material was extracted under 
20,000 psi with a hydraulic press . The weights of leaf material used 
were for Camellia: 1. 5 g wounded and inoculated, 2. 5 g inoculated but
nonwounded, 2. 5 g wounded but noninoculated; for Park: 1.2 g wounded 
and inoculated, 1, 5 g inoculated but nonwounded, 1. 2 g wounded but 
noninoculated.
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The e x t r a c t s  o b ta in e d  w e re  u s e d  a s  the in i t i a l  1 /10  d i lu t io ns  
of a s e r i e s  of 3. C a m e l l i a  a n d  V i c t o r g r a i n  s e e d l in g s  w e re  u s e d  to 
b i o a s s a y  the  e x t r a c t s .
Table 8. The length in mm of roots of C am ellia  and Victorgrain  
seed lings when grown in extracts  of inoculated plants.
A ssay  Seedlings
Victorgrain C am ellia
Treatm ents  
(Source of extracts) 1/10 1/100
Dilutions * 
1/1000 1/10 1/100 1/1000
C am ellia  wounded 
and inoculated 19 59 55 29 53 63
C am ellia non wounded 
b\it inoculated 12 40 42 26 46 66
C am ellia  wounded 
but noninoculated 10 42 49 17 44 62
Park wounded 
and inoculated 1 1 40 52 16 49 56
Park 'noculated 
but no,, wounded 5 35 49 11 43 60
Park wounded 
but non inoculated 16 54 53 23 51 57
*The 1/10 dilutions are the undiluted extracts  obtained. See text for 
weights extracted.
The data in Table 8 show that a ll extracts were inhibitory at 
the highest concentrations, and to both varieties  o f saedlings a ssayed .  
The root length of water controls were: 50 mm for V ictorgrain, and
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58 m m  for C a m ellia , hence the growth of C a m ellia  seed lin g s  roots  
was s ligh tly  g rea ter  as seen  in the table. The ex tra cts  of inoculated  
Park cuttings w ere s ligh tly  m ore inhibitory than the c o n tr o ls ,  and 
than the ex tra cts  from  C a m ellia . H ow ever, s in ce  this was true for  
the a s s a y  with C am ellia  s e e d l in g s ,  the g rea ter  inhibition was not 
s p e c if ic ,  and cannot be attributed to a sp ec if ic  toxin like v ic tor in . If 
a reaction  product w ere form ed , which was the actual tox ic  agent in 
the co u rse  of the d is e a s e ,  then this pattern would be ex p ected . The 
d ifferen ces  in inhibition w ere ,  how ever, s l ig h t ,  and in s ign ifican t,  
m o reo v er  the d ifferen ces  in inhibition among the ex tra c ts  in C am ellia  
ex tra cts  w ere the sam e in the V ictorgrain  and C a m ellia  a s s a y s ,  where  
the C a m ellia  noninoculated control ex tract  was the m ost inhibitory.
D iscu ss io n
A few points of som e s ign if ican ce  can be made from  the r e ­
su lts  obtained in these t e s t s .  The ex tra cts  of oat cuttings exert a 
certa in  degree of inhibition to the roots of seed lin g  oats . This in ­
h ib itory , or tox ic  e ffect  was alw ays of a low  ord er and e a s i ly  diluted  
out. M oreover it was n o n sp ec if ic  and was no m ore active  in the e x ­
tra c ts  from  su scep tib le  cuttings exp osed  to v ic tor in  than in the co n tro ls .  
This does not prove or d isprove anything. H ow ever , had a n on sp ec if ic  
inhibitory substance been rec o v ered  from  ex tra cts  of su scep tib le  
cuttings after exposure to v ic tor in , with a d egree  of activ ity  not
37
found in control extracts , it would have been a strong indication that 
the toxicity of victcrin was due to a participation in the formation of 
a toxic reaction product in susceptible hosts. A second inhibitory 
factor was regularly recovered from the extracts of susceptible  
cuttings after they were allowed to take up solutions of the crude 
culture filtrate, or victorin. But this factor was specific in that it 
inhibited only Victorgrain and Park seedlings. It was recovered in 
readily detectable quantities from cuttings of these susceptible v ar ie ­
ties but not from Camellia cuttings. In view of the specificity it ap­
peared that this secondary factor was victorin. On the basis of uptake 
in terms of cutting weight, called in this paper the T.Q. (Transpira-  
tory Quotient), there was essentially  no difference between the 
resistant and susceptible cuttings, thus ruling out the possibilities  
of a volumetric difference in uptake of toxic solutions. Studies of the 
activity of the toxic solutions after the cuttings had been exposed r e ­
vealed no difference in the activity of the solutions in which resistant 
or susceptible cuttings had been placed. This ruled out the possibility  
of differential uptake by resistant cuttings (selective rejection of the 
toxic principle), or by susceptible cuttings (selective uptake of the 
toxic principle), or inactivation by excretions from resistant cuttings. 
The possibilities that victorin was stored in susceptible plants or 
failed to be effective because of an alternate metabolic pathway
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received little support from the results obtained since if either p o ss i­
bility had been in effect, it should have been possible to recover as 
much victorin from resistant cuttings as from susceptible ones. In 
view of this and the evidence indicating equal uptake, it appeared that 
the possibility of active metabolism or inactivation of victorin by re­
sistant plants remained to be tested. The possibility of indirect 
action in susceptible plants was not eliminated, but seemed less  
likely in view of the inability to demonstrate a nonspecific inhibitory 
factor in susceptible cuttings.
II. RESPIRATORY STUDIES
The recovery of victorin from susceptib le cuttings and the 
failure to recover it from resistant cuttings opened the possib ility  
of m etabolic inactivation as an attribute of resistant cuttings. It was 
fe lt that a study of the effects of victorin on the respiration of resistant  
and susceptib le oat tissu e  might yield som e information on its mode of 
action and/or its inactivation in resistant plants. The magnitude of 
the difference between the inhibitory dosages required for resistant  
and susceptib le  seedlings indicated that the resp iratory  patterns 
might be quite different under the influence of v ictorin . It was felt  
that if victorin was inactivated by being actively  m etabolized in the 
resistant host, a change in the R .Q . (R espiratory Quotient) might ap­
pear which would help to characterize  victorin  as to whether it was a 
pxoteinoid, carbohydrate, lipoid, or an organic acid compound. It was 
alBO desirable to determine the rapidity of the susceptib le  plant r e ­
sponse to victorin , as well as the level of respiration that might resu lt.
The experim ents in this section  fall into two ca teg or ies . In 
the f ir s t  category, the effect of victorin (in a sem ipurified  state , or as 
a component of the culture filtrate of JT. v ic tor iae), on the respiration  
of leaf t issu e  taken from  exposed cuttings was studied. From  the r e ­
sults obtained, the second group of te s ts  of a more varied nature was
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undertaken to confirm and to c larify  if p ossib le , those resu lts . The 
tests with the treated t is s u e s ,  or treatm ent solutions and tissu es  
were conducted in a Warburg m anom etric apparatus. The tem p era ­
ture at which a ll determinations were conducted was 25°C. The data 
obtained were converted into m icro liters  of oxygen consumed (or 
carbon dioxide evolved^ per hour per g of dry weight. In a few tests  
the conversions were n ecessa r ily  on a wet weight b a s is .  Dry weights 
were obtained by drying the t is su es  in an e lec tr ic  oven at 7S to 80°C 
for 2 to 3 days.
Experimentation and Results  
Respiration of treated cuttings
Cuttings of C am ellia , and Victorgrain 48-9  3 were exposed to 
1/10 toxin dilutions. In some te s t s ,  the crude filtrate was used, but 
partially purified victorin was used in most c a s e s .  Ordinary buffer 
solution or 1/10 dilutions of heat inactivated toxin in buffer were used  
for the control cuttings. The exposure periods ranged from 1 hour to
2,4 hours. After exposure, uniform sections of t issu e  were rem oved  
from  5 to 6 cuttings, 10 to 8 inches from  the basal ends. These s e c ­
tions were placed in the test v e s s e ls  and the determinations made.
The data in Table 9 Bhow a certain  amount of fluctuation in 
the respiration rate, even within a treatm ent. This was due to various  
factors such as maturity of t issu e  and time of exposure. However, the
Table 9. The resp iration  rate in mm-*/hr. /g of res is ta n t  (C am ellia) and susceptib le  ( V ictorgrain)  
lea f  t i s s u e s  from  cuttings exposed to solutions containing v ictor  in.
Length of ______  V ictorgrain  exposed  to_______ C am ellia  exposed  to
exposure
period Toxin
Control 
(not exposed)
P er  cent of 
control* Toxin
Control 
(not exposed)
P er cent o 
control
1 hr. 163 342 48 180 251 72
225/261 189/225 119/116
2 hr. 329 203 162 178 134 133
193/196 115/141 168/139 86 109 79
141 97 145 211/199 178/167 119/119
4 hr. 343 128 268 150 144 104
391 155 252 161 164 98
487 248 196 159/169 147/172 108/98
188/187 142/154 132/121
306/341 133/155 230 /220
301 140 215 213 190 112
8 hr. 149/235 130/172 115/137
237 /290 119/143 199/203
256 /325 95 /139 269 /234
Table 9* Continued
Length of
exposure
period
V ictorgrain exposed  to C am ellia  exposed  to
Control 
Toxin (not exposed)
Per cent of 
control^ Toxin
Control 
(not exposed}
P er ceni of 
control
10 hr. 449 200 225 191 210 91
12 hr. 291 180 162 240 235 102
214 417 51 162 206 79
20 hr. 9 1 /110 99 /130 92 /85
24 hr. 47 135 35 150 167 90
* R espiration  of controls equals 100 per cent. The figures represent the resp iration  of toxin  
treatm ents as a per cent of each control.
♦♦Fractions show CO  ^ evolved over 0£ taken up in treatm ent.
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elation of rate of resp iration  by control tissu e  and treated  t is su e  was 
not affected by these fluctuations. The general effect of v ictorin  on 
susceptib le  t is su e  was a higher ra(«* of oxygen consumption. This 
wa3 detectable after 1 hour of exposure and was highest after 4 to 
10 hours of exposure. The exact exposure which would give a peak of 
in crea sed  oxygen consumption was not determ ined and presum ably is 
dependent upon the physio log ica l state of the t is su e  and the rate and 
amount of the toxic solution taken up. The data indicate that after p ro ­
longed exp osu re , possib ly  12 hours, m ore or l e s s ,  a decline of r e s p ir a ­
tion takes p lace. By 24 hours the rate in treated  t is s u e s  was l e s s  than 
one-half of the rate in the control. E x p ressed  as a percentage of 
control resp iration , a peak of 268 was reached after a 4 hour e x ­
posure, and a low of 35 was reached after 24 hours. By 24 hours, the 
cuttings w ere very d es icca ted . Exposure to victorin had no detectable  
effect on the R .Q . of treated  t is su e .  Carbon dioxide evolution f o l ­
lowed the pattern of oxygen consumption c lo se ly  and the R .Q . was con­
s is ten tly  about 1 .0 ,  indicating that oxidation of carbohydrates provided  
the main source of energy during the t e s t .  The resp iration  of 
Cam ellia  t issu e  after exposure to the toxic solution was v irtually  
unchanged. Both oxygen consumption and carbon dioxide evolution of 
treated  t is su e  was e ssen tia lly  the sam e as in the con tro ls . Thus, while 
the resp iration  of this res is tan t plant did not re flec t  the presen ce  of
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victorin and did not indicate that victorin was being metabolized, proof, 
or indication that victorin was not being metabolized was also lacking. 
Respiration of oat tissues in contact with victorin solutions:
Since the after effect of exposure to toxin was greatly in­
creased respiration in susceptible cuttings, further tests were con­
ducted to determine whether or not the same effects would be obtained 
during the exposure period, and also with the use of tissue other than 
mature leaf tissue.
Test one: Camellia and Victorgrain oats were germinated,
and 20 seedlings of each variety were selected for uniformity, divided 
into lots of 4 and placed in respiratory vessels containing buffer solu­
tion, and bearing sidearms, into which a solution of toxin was placed. 
After beginning the test, the contents of the sidearms were added to 
the vessels, resulting in a 1/10 dilution of toxic culture filtrate. 
Readings were made for 8 hours. The embryos were then excised, 
dried, and weighed.
The data in Table 10 show that in both Camellia seedling 
treatments the respiration rate dropped slightly and leveled off. The 
respiration rate of Camellia seedlings in toxin solution dropped a l­
most 30 per cent in 4 hours, then rose to 50 per cent above the 
original rate. The respiration of Victorgrain seedlings in toxic 
solution dropped 5 per cent in 3 hours, then rose sharply until the 
rate after 8 hours was 220 per cent above the original rate.
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Table 10. Effect of toxic culture filtrate diluted 1/10 on the resp ira ­
tion of germinated oats. Respiration rate in mm^ of 
Q^/hr. / g dry weight.
Time in hours
Treatments 1 2 3 4 5 6 7 8
1. Camellia  
in toxin 1060 945 895 855 1110 1145 1270 1625
2. Camellia  
control 1155 1030 980 965 965 1065 905 1010
3. Victorgrain  
in toxin 1225 1235 1170 1810 1700 2005 2290 2620
4. Victorgrain  
control 1580 1455 1380 1220 1325 1320 1235 1270
Test two: Because Victorgrain roots are more sensitive to
victorin than shoots, roots were used in this test so that it would run 
until respiration ceased.
The roots of 6 day old Camellia and Victorgrain seedlings  
were excised  and placed into duplicate sam ples of active, s e m i­
purified victorin, diluted 1/10 in respiratory v e s s e ls .  Heat inacti­
vated victorin served  as a control. Readings were made for 80 
minutes, immediately at start of test, and 4 , 8, 16, 20, 24, and 30 
hours after start of test . Weights were taken at beginning and end 
of test ,  and after drying for 2 days.
The data in Table 11 show that the respiration rate of all
Table 11. E ffect of v ictorin  (active and heat inactivated) solutions diluted 1/10  on the r e s p in t io n  
in mnv^ 0 2 /h r .  /g  of 6 -day old roots .
mm-* 0 2 /h r . / g fr e sh  weight at start of tes t
Source of roots _________________ T im e in hours_____________________  P er cent
(Variety) Treatm ent 1 4 8 16 20 24 30 Weight Lost
Victorgrain Victorin 1880 3840 2730 1050 840 640 650 28 .8
V ictorgrain Control 1560 2040 1850 3050 1520 1520 1140 31. 1
C am ellia Victorin 1710 2150 1460 1830 1190 1070 1710 15. 0
C am ellia Control 1440 2030 1330 1280 1070 870 1080 22. 7
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treatm ents rose during the f irs t  4 hours. The resp iration  of both 
C am ellia  treatm ents then dropped to below the f ir s t  hour rate and the 
rate fluctuated m ildly with the low reading in both c a se s  during the 24 
hour reading. The resp iration  of the V ictorgrain control roots how­
ev er , reached a peak of two t im es  the initial resp iration  at 16 hours, 
then the rate fe ll  back to the orig inal f igu re , then dropped below it.
The resp iration  of V ictorgrain  roots in active toxic solution doubled 
in 4 hours, then declined stead ily  until it was 34 per cent of the 
original rate at 24, and 30 hours. The per cent of fresh  weight lo st  
indicates that no growth occu rred  in any of the treatm ents and that the 
two V ictorgrain trea tm en ts , which attained the highest rate of r e s p ir a ­
tion, lo st  the m ost weight over the 30 hour duration of the te s t .
The le v e l  of 640 mm^ of 0 2 /h r . /g finally  attained and m a in ­
tained for 6 hours by the V ictorgrain roots in toxin, might imply that 
an alternate m etabolic pathway e x is ts  which played no part in the 
burst and decline of resp iration  and which was unaffected by the toxic  
solution. However, it might indicate an inhibitory effect due to the 
victor in .
Since no nutrients, other than those contained as im purities  
in the treatm ent additions, were p resen t, perhaps a different pattern 
would appear if the te s t  w ere repeated with the addition of nutrients*
T est  th r e e : The shoots of 10-day old seed lings were cut and
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placed in the v esse la . The same treatments were used as in the p re­
ceding test. Respiration was measured for 4 hours after adding the 
sidearm  m ateria ls . Oxygen consumed was determined on the basis  
of dry weight.
The data in Table 12 show a slight decrease in the rate of 
respiration of all treatments followed by a return to the original rate. 
This may be a real curve or perhaps a portion of normal fluctuation 
over a four hour period. The lone exception occurred in the victorin  
treatment with Victorgrain leaf t is su e . The data show an insignificant 
drop with the addition of the treatment, followed by a distinct increase  
and leveling off of respiration. The leveling may have been temporary.
Table 12. Effect of active and heat inactivated (control) victorin on 
respiration of young Cam ellia and Victorgrain leaf t issu e ,  
determined on the basis  of mm^ O^/hr. /g .
No
Toxin added to treatments with toxin 
Period of test in hours
Treatments toxin 1 2 3 4
1. Cam ellia-victorin 338 305 297 294 335
2. Camellia control 321 306 3 10 287 319
3. Victorgrain-victorin 400 397 502 513 483
4. Victorgrain control 323 301 282 2 72 296
Respiration of victorin treatments as a 
per cent of control
Camellia 105 LOO 96 102 105
Victorgrain 124 132 178 189 163
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On the basip of pe r cent of control, victorin had no effect on 
Camellia tisBue unless possibly a slight depression of respiration  
which was restored at the end of the te st .  The percentage of 
Victorgrain control respiration rose to 189 during the third hour of 
exposure to toxin.
Respiration of oats after vacuum-infiltration of v ictorin:
A large desiccator jar with a cover inlet tube attached to a 
water suction pump was used to obtain a vacuum. Test tubes con­
taining tissue submerged in the desired treatment solutions were 
placed inside, and air evacuated from the system  for 5 or 10 minutes. 
Atmospheric pressure was restored to the system  with a consequent 
infiltration of the submerged t issu e . After drying and blotting on 
paper toweling, the tissue was then sectioned or used in toto for 
respiratory studies.
Respiration of mature leaf tissue:
Victorgrain cuttings were infiltrated with buffer solution, 
heat inactivated victorin diluted 1/10, active victorin diluted 1/10 
and 1/100. The m aterials used were obtained from  semipurified  
victorin. Uniform sections of leaves were used in duplicate sam ples.
An 80 minute reading was made im m ediately after infiltra­
tion (30 min. ) and then 12 hours later. Respiration was computed on 
the basis of dry weight.
The data in Table 13 indicate a sm all but immediate
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response to the 1/10 dilution treatments the first hour. Twelve hours 
after treatment, the respiration of both victorin treated tissues was 
nearly twice that of the buffer control and more than twice that of the 
inactive control, and showed that a smaller dosage will elicit the 
same response although more slowly.
Table 13. Respiration rate in mm^ O^/hr. / g of dry weight of
Victorgrain leaf tissue after vacuum-infiltration with 
(1) buffer solution, (2) heat inactivated victorin diluted 
1/10, active victorin diluted (3) 1/10 and (4) 1/100.
Respiration rate
Rate as per cent of 
control
Hours after treatment
Treatments 0 12 0 12
(1) Buffer solution 257 353 100 100
(2) Inactive victorin 1/10 2 72 250 106 71
(3) Victorin 1/10 320 656 125 186
(4) Victorin 1/100 257 637 100 180
Respiration of roots and shoots of 5-day old Victorgrain seedlings: 
The treatments were active victorin and inactivated toxin, 
both diluted 1/10, and both derived from partially purified victorin. 
After treatment, the roots and shoots of the treated seedlings were 
cut to a length of 50 mm each, and shoots were blotted on paper 
toweling. Four roots were used in each sample. Shoot samples
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were 2 or 3 in number, and both root and shoot samples were in 
duplicate.
Eighty minute readings were made 45 minutes after infiltra** 
tion and then at 4 , 8, 16 and 20 hour intervals.
Respiration was determined on the basis of the fresh weight 
after test.
The data in Table 14 repeat the pattern of the preceding test. 
Respiration of both roots and shoots shows a great increase following 
a slight decrease after treatment with victorin. The respiration of 
the shoot control decreased then returned to the original rate, while 
respiration of control roots decreased steadily to the end of test.
Table 14. The respiration rate in mm^ O^/hr. / g of fresh weight of 
Victorgrain root and shoot tissue after vacuum-infiltra­
tion.
Tissue Treatment
Time after treatment 
(hours)
1 4 8 16 20
Per cent 
growth 
(elongation)
root active victorin 33 27 60 33 75 2 .0
root inactive victorin 
(control)
39 28 22 19 15 . 8
shoot active victorin 20 15 20 120 116 0
shoot inactive victorin 
(control)
34 17 18 31 36 0
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Respiration of Victorgrain and Fulgrain cuttings:
The respiration of Fulgrain and Victorgrain t is su es , after 
treatment with victorin was compared. Since both Victorgrain and 
Fulgrain are susceptible to Victoria blight, their respiratory r e ­
sponses should be s im ilar .
Cuttings of Victorgrain and Fulgrain were infiltrated with 
active and heat inactivated victorin diluted 1/10. Uniform sections  
of blades were cut and used in duplicate sam ples. The first reading 
began 90 minutes after infiltration; subsequent readings were 4, 8, 
and 12 hours after the f irst .  Readings were of 80 minutes duration. 
Respiration rates were established on a dry weight b asis .
The data in Table 15 show that both susceptible varieties have 
the same rate of response to active victorin as opposed to the response  
of controls.
However there was a difference between the varieties since 
the rate in Fulgrain increased steadily, whereas there was at first  
a depression in the rate of respiration of the Victorgrain treatment 
and control t is su es .  This may have been due to a difference of relative  
saturation.
Respiration of healthy and symptomatic leaf tissue:
Victoria blight appeared in the seedling stage of Victorgrain  
48-93 oats, planted in greenhouse pots. Samples of d iseased blades 
were taken and divided into 3 c la sse s  on the basis of disease
Table 15. The respiration in mm^ 0 2 /hr. /g of Victorgrain and Fulgrain leaf tissue 
after vacuum»infiltration of victorin and heat-inactijvated victorin, both in 
1/10 dilution.
Source of tissue Treatment 0
Hours after start of test  
4 8 12
Victorgrain victorin (active) 229 198 135 297
Victorgrain victorin (inactive^ 58 30 77 150
Fulgrain victorin (active) 189 188 214 394
Fulgrain victorin (inactive) 37 86 108 119
Respiration as per cent of control, control (inactive victorin) = 100
Victorgrain 395 660 175 198
Fulgrain 511 219 198 331
cn
OJ
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p ro g ress io n . The respiration rate of these blades was studied to see  
if there was agreement with the data obtained by exposure to victorin .  
One c lass  included blades which were com pletely d iscolored  (gray to 
brown) and wilted. Another c la ss  included blades which showed  
marked streak s, but with a portion of the blade healthy or showing 
incipient streaking. The third c la ss  included only those blades in 
which streaking was barely d iscernable . Sym ptom less blades were  
taken to serve  as contro ls . Uniform tissu e  sections were taken from  
5 to 8 blades in each c la ss  and used in duplicate sam ples.
Table 16. Respiration rate in mm^ of 0 2 /hr. /g fresh  weight of 
Victorgrain 48-93 leaf t issu e  showing symptoms of
Victoria blight.
L<eaf C lass t 1)
Reading*
_ _{2] _
I. Severe sym ptom s. Entire blade, leaden, 
brown and wilted. 56 52
II. Marked symptoms bat with some healthy tissu e  
or slight streaking on a portion of blade. 50 44
in . Symptoms incipient, discoloration and 
streaking faint. 57 46
X V . Control. Apparently sym ptom less b lades. 33 27
♦ Reading: (1) F irst  reading made im m ediately after detachment 
from plant.
(2) Second reading, five hours after the f irs t .
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Table 16 shows that, on the baris of fresh weight, respiration  
of affected tissues was almost twice that of the sym ptom less control. 
There was no apparent difference between the rates of the diseased  
t is su es ,  however, since the determinations were on a fresh  weight 
b asis , the respiration of tissue in Class I undoubtedly would be con ­
siderably le s s ,  relative to the others, on a dry weight b as is . The 
data indicate that the le ss  affected the symptomatic t is su e , the greater  
the reduction of rate after 5 hours.
It is likely that had dry weights been used in the determina­
tions, the order of respiration rates, from high to low, would have 
been III, II, IV, and I.
Comparative effects of victorin and DNP on respiration of Victorgrain  
cuttings:
Because DNP (2., 4 -dinitrophenol) is a proven respiratory  
uncoupler, and because it has been shown to increase respiration  
and inhibit growth in oat coleoptiles (5); a comparison of the effects  
of victorin and DNP on respiration of susceptible oat tissue seem ed  
desirable. If both evoked respiratory increases of a comparable 
magnitude, then a study of their combined effect would be in order.
Victorgrain cuttings were placed in solutions of victorin
c
(sem ipurified), diluted 1/10, and DNP - in 10 , and 10 molar
concentrations. Cuttings in buffer solution served as controls. After 
4 hours, of bright light, sections of tissue were taken 6-8 inches from
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the basal end and placed in Warburg flasks. The Bamples were in 
duplicate. Respiration was measured 40 minutes after removal from  
flasks and also 10 hours after start of test. The rate of oxygen con­
sumed was determined on a dry weight basis .
Table 17. The respiration rate in mm'* 0 2 /hr. / g dry weight of
Victorgrain cutting tissue after 4 hours of exposure to 
victorin and DNP.
Hours after start Per cent
of exposure of control
Treatments 4 10 4 10
Victorin (semipurified) 242 213 425 533
DNP (10“4 molar). 101 65 177 162
DNP (10“  ^ molar) 82 52 144 130
Buffer solution (control) 57 40 100 100
The data in Table 17 show that the increased respiration  
induced by victorin was 2 to 3 times thfct induced by either concentra­
tion of DNP and 4 to 5 tim es that of the control. AH treatments 
showed a moderate drop in respiration rate during the interval be­
tween the 2 readings.
The data indicate that the effect of victorin is not the same  
as the effect of DNP, although the direction of the change is the sam e. 
The cuttings were placed in bright sunlight during the first 2 hours
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of exposure and both victorin and DNP produced pronounced wilting. 
This exposure may have some bearing on the very great response in­
duced by victorin.
Discussion
Three types of treatment were used to obtain the data in 
these tests . Tables 9 and 17 contain data on tissue from cuttings 
the cuttings having been previously exposed to solutions of victorin.
In Tables 10 through 12, the data deal with respiration of tissues in 
actual contact with victorin. Tables 13, 14, 15 contain data taken 
after vacuum-infiltration of tissues with victorin.
The data obtained in nearly all these studies show a striking 
increase in respiration of susceptible cuttings induced by victorin.
An attempt was made to establish a pattern based on exposure time 
of cuttings to toxin. In general, a peak in respiration was achieved 
in susceptible cuttings exposed to victorin from 4 to 10 hours. 
Respiration increased as a response to the victorin and after pro­
longed high respiration, the rate fell. The exact limits could not be 
established because of the limited number of samples that could be 
run simultaneously. However, in these tests , respiration ranged 
from 413 per cent of controls at 4 hours exposure to 35 per cent of 
controls at 24 hours. It is not known whether the reduction in respira­
tion was the result of final, depressed oxidation, as a consequence of
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a reduced number of living c e l l s ,  or whether it indicated an alternate  
system  which was unaffected. Treatm ent with victorin had no d etect­
able effect on the respiratory quotient. The data obtained with 
Cam ellia tissue were altogether different. Respiration continued 
to be approximately the same in victorin exposed and control C am ellia  
t is s u e s .  Perhaps there was a slight depression of respiration in 
victorin exposed t issu es  since in 8 out of 1 3 t e s t s ,  respiration was 
slightly below that of the controls . The sam e effects appeared in 
te s ts  in which the effect of victorin was m easured in situ.
I
The data obtained with seed lin g s , roots and leaf tissue all 
show an eventual response to victorin by increased  oxygen consump­
tion of Victorgrain m aterial. Victorgrain roots which are more s e n s i ­
tive than shoots in seedling a ssay s  showed the most rapid response .
A peak was reached after 4 hours of exposure which was followed by 
a decline to a low steady lev e l.  This might indicate that an alternate  
pathway may exist which is unaffected by victorin, or possibly  
(assum ing uncoupling) the concentration of victorin within the tissu e  
reached an inhibitory lev e l,  i . e .  , a concentration which exerts an 
effect on oxidative p r o c e s se s .  O ccasionally , data were obtained 
which did not fit the pattern. Usually there was an apparent good 
reason for this; e .g .  the test was of too short a duration, or the tissue  
used was somewhat wilted, or otherwise not in a satisfactory  condition.
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These c a s e s  were too few, however, to affect the overa ll p icture.
A com parison of the effects  of a known resp iratory  un- 
coupler, 2, 4 -d initrophenol, and victorin  on susceptib le  cuttings  
showed that victorin  induced a rate in cr ea se ,  4 to 5 t im es  greater  
than the control and approxim ately 2 to 3 t im es grea ter  than the DNP, 
thereby indicating that the action of the two were not identical. The 
respiration  of b lades of naturally infected plants showing sym ptom s  
of V ictoria  blight revea led  the sam e in creased  resp iration , lending 
further evidence that if a toxin is produced in v ivo, its e ffects  are  
com parable to victorin .
While the resp iratory  data do not d isprove the proposition  
that v ictorin  is m etabolized  by the res is tan t host, the extrem e dif­
feren ce  in dosage which affects susceptib le  seed lings  but not res istan t  
ones would seem  to indicate that if v ictorin  were m etabolized  in the 
res is ta n t host, som e resp iratory  effects  should be m anifest. The 
resp ira tory  data neither augment nor detract from  the p ossib ility  
of the form ation of a toxic reaction product in a susceptib le  host. 
P o ss ib ly  the doubling of resp iration  in the susceptib le  host is induced 
by a reaction product rather than by victorin  itse lf .
III. THE E FFEC TS OF PLANT MATERIALS AND OTHER FACTORS 
ON THE STABILITY AND ACTIVITY OF VICTORIN
A. E ffects  of Plant M aterial on T oxicity  of Culture F iltra tes
In the preceding group of ex p er im en ts ,  v ictorin  fa iled  to p r o ­
duce any appreciable  effect on the resp ira tion  of C am ellia  oat t i s s u e s .  
Although this did not e lim inate  the p o ss ib ility  that r e s is ta n c e  depends 
upon the ab ility  of the host to m etabolize  the toxic agent, it n e v e r th e ­
le s s  m eant that m ore exp erim en ts  would be n e c e s s a r y  to e s ta b lish  this  
b a s is  for r e s is ta n c e ,  if indeed, such actually  w ere the c a s e .  The t e s t ­
ing of another p o ss ib ility  now se e m e d  m ore lik e ly  to offer som e e v i ­
dence, pro or con, and a lso  had som e foundation, based  on the 
recov ery  ex p er im en ts ,  to justify  exp erim entation . This is the 
p o ss ib i li ty  that re s is ta n t  plants inactivate v ic tor in  by m eans of a 
particu lar ch em ica l entity , or by som e condition of the ce l l  sap leading  
to p a ss ive  inactivation . Since there  was alw ays a decline of the activ ity  
of toxic solutions after uptake by both res is ta n t  and su scep tib le  cuttings,  
it was obvious that v ictorin  was som ehow  being destroyed  or inactivated . 
Since v ictorin  uptake by both types of plants was s im ila r  but no v ic tor in  
was reco v ered  fro m  C am ellia  cuttings w hereas recovery  from  s u s ­
ceptib le cuttings was obtained in a ll  t e s t s ,  the proposition  that in ­
activation  other than by m etab o lism  was in vestigated .
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The g en era l method for testing for this type of inactivation  
was by mixing dilutions of the tox ic  culture f i l tra tes  with ex tracts  
from  both r e s is ta n t  and su scep tib le  p lants. Standard procedure in ­
volved  m aceration  of s e e d l in g s ,  seed ling  t is su e  (roots  or sh oo ts) , or 
le a f  t is su e  in a Waring b lendor, or by m ortar and p e s t le .  Buffer  
so lu tion  or water was u sed  to fa c il ita te  the separation  of liquids from  
so lid  m atter , and as a diluent for the freed  sap or ju ic e s .  This e x ­
traction  liquid or plant ex tract, was u sed  in com bination with s e r ia l  
dilutions of toxin and the m ixtu res b io a ssa y ed  with seed lin g  o a ts .  It 
was p o ss ib le  to secu re  varied  treatm en ts  by incubating the m ixtu res  
and by h eat-in activation  of en zy m es  in the plant e x tr a c ts .
In som e t e s t s ,  the water in which germ inating  seed lin g s  had 
grown was m ixed  with toxin and the m ixture diluted and a ssa y e d .
Since a detailed  outline of the proced u res  used  in the s e v e r a l  e x p e r i­
m ents perform ed  would be repetitive; the sp ec if ic  trea tm en ts  w ill be 
p resen ted  im m ed ia te ly  p reced ing , or with the tab les  of r e s u lt s ,  with 
a b r ie f  d iscu ss io n  fo llow ing.
Since the resu lts  obtained w ere not con c lu s iv e  but rather con ­
trad icto ry , th ese  te s ts  w ill  be divided into two g en era l groups b ased  
on the resu lts  obtained. The f ir s t  group w ill include a l im ited  number  
of te s ts  in which the addition of plant ex tracts  to toxin produced  
s y n e r g is t ic  or additive inhibitory e ffec ts  on a s sa y  se e d lin g s .
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Experim entation and R esults  
1. Additive or syn erg ist ic  effects  in plant ex tract-tox in  m ix tu res .
T est one: C am ellia  seed lings which had germ inated  and pro­
duced shoots were w ashed, placed in a 15 cm petri dish and kept under 
light for 5 days with water being added as needed. The seed lings were  
then blended with 100 ml of tap water (in approxim ately a 1 g: 2 ml 
ratio), f i l tered  through ch eese  cloth and stored  at 1 ° -2°C .
Six groups of s e r ia l  dilutions of toxin were m ade. To 2 groups,  
1 m l of the extract was added to each dilution, 24 hours before b io ­
assay in g . To another group of 2, 1 m l of extract was added to each  
dilution im m ediate ly  before a ssa y in g . No extract was added to the 2 
remaining groups. One se t  of dilutions from  each treatm ent was auto-  
claved , then left at room tem perature 24 hours. The rem aining non- 
autoclaved se t ,  a lso  was incubated at room tem perature for 24 hours, 
after which a ll treatm ents were b ioassayed  with Victorgrain seed lings  
(Table 18).
T est tw o: This was a repetition of the nonautoclaved portion
of te s t  one but treatm ents with an extract ( s im ila r ly  obtained) from  
Victorgrain seed lings  w ere a lso  used  (Table 19).
T est three: Extracts from  C am ellia  roots and from  C am ellia
shoots were made from  seed lings  1 week after germ ination . The e x ­
traction p ro cess  was the sam e as before. Unautoclaved, incubated
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Table 18. Length in mm of roo ts  and shoots of Victorgrain seedlings
grown in Cam ellia extract-toxin  m ixture. The mixture with, 
and without incubation, and with, and without autoclaving.
Dilution Toxin alone Incubated 24 hours Not incubated
of toxin Root Shoot Root Shoot Root Shoot
Extract -toxin m ixtures not autoclaved
1 / 1 0 5 12 5 1 7 4
i / i o 2 5 27 5 2 1 7 7
1 / 1 0 3 88 70 5 22 31 55
1 / 1 0 4 80 78 5 37 62 63
1 / 1 0 5 - - 20 64
1 / 1 0 6 -  - 40 66 _ _
i / i o 7 58 76
Control
(no toxin) 59 79 70
Autoclaved treatm ents
78
1 / 1 0 5 14 5 11 9 2 1
1/102 7 4 I 19 47 5 41
1 / 10 3 34 71 49 66 13 68
i / i o 4 53 66 63 88 61 72
Control
(no toxin)" 59 79 “ *• “  — 53 74
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Table 19. The length in mm of roots a.r.d shoots of Victorgrain s e e d ­
lings grown in Camellia and Victorgrain extracts mixed 
with toxin and incubated 24 hours.
Dilution Toxin alone
Toxin plus 
Camellia Extract Victorgrain Extract 
(Diluted 1/10) (Diluted 1/10)
of toxin Root Shoot Root iShoot Root Shoot
1/10 5 2 5 0 5 2
1/102 5 13 5 3 5 7
l / i o 3 50 33 5 18 5 19
1/104 45 35 20 24 14 23
l / i o 5 32 30 15 29*
1/106 - - 35 28 _ _
1 /107 35 30* - -
C ontrol 
(no toxin) 46 3 1 35 30 15 29
* T h e  l a s t  s e r i a l  d i l u t i o n  s e r v e d  a s  a  c o n t r o l .
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m ix tu res  of toxin  in s e r ia l  dilution with the two e x tr a c ts  w ere b io -  
a s sa y e d  a s  w e ll  as  a toxin  control (T ab le  20).
Table 20. The length  in m m  of roots  and sh oots  of V ic torg ra in  s e e d ­
lin gs  grow n in m ix tu res  of s e r ia l  d ilutions of toxin and 
C a m ellia  root and shoot e x tr a c ts  a fter  24 hours of in cu b a­
tion to g e th er .
D ilution Toxin alone
Toxin plus 
Root E xtract Shoot E xtract  
(D ilu ted  1 /10) (D ilu ted  1 /10)
of toxin Root Shoot Root Shoot Root Shoot
1 /10 5 2 5 5 5 4
i / i o 2 5 13 5 15 5 12
1 / i n ’ 50 33 5 18 5 19
1 /  1 o 4 45 35 3 1 28 13 24
1 /1 0 5 - - 41 28 2 8 2 6
i / i o 6 _ _ 39 29 28 25
i / i o 7 48 29* 39 28*
Cont rol 
(no toxin). 46 3 1 48 29 39 28
* The la s t  s e r ia l  dilution s e r v e d  as a con tro l.
T es t  fo u r : The sa m e trea tm en ts  as  in t e s t  two and th ree
w ere  u sed  with a 4 day incubation p eriod  prior  to a ssa y in g  (T able  21).
T a b l e  21 .  L e n g t h  in  m m  of r o o t s  a n d  s h o o t s  of V i c t o r g r a i n  s e e d l i n g s  g r o w n  in e x t r a c t - t o x i n  m i x t u r e s
a f t e r  t h e s e  m i x t u r e s  w e r e  i n c u b a t e d  f o r  4 d a y s  a t  r o o m  t e m p e r a t u r e .
Toxin plus
Camellia Camellia Camellia Victorgrain
shoot extract root extract extract extract
Dilution Toxin alone [Diluted 1/10) (Diluted 1/10) (Diluted 1/10) (Diluted 1/10}
of toxin Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot
1/10 5 7 5 7 5 13 5 0 5 4
1/102 66 44 5 22 5 33 5 13 5 20
1/103 70 46 5 25 38 43 41 45 60 47
i / io4 72 52 21 41 70 40 56 40 65 45
1/105 - - 46 43 71 45* 55 45
1 /I0 6 - - 60 47* * — —
Control 
(no toxiib) 64 46 - - - - — 46 41 28 40
* The last serial dilution served as a control.
O'
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Test five: Camellia, shoot extract was m ixed  in a 1:9 ratio  
with se r ia l  dilutions of toxin. A mixture s e r ie s  was incubated 24 hours 
at room tem perature and a s e r ie s  was incubated before m ixing. An 
a ssa y  with V ictorgrain 48-93  seed lings was continued for 3 days. In 
another a s sa y  the seed lings were placed in the treatm ent for 2 hours 
then rem oved to dishes of tap water (Table 22).
Table 22. The length in mm of roots and shoots grown in C am ellia  shoot  
extract-tox in  m ixture for 3 day and 2 hour ex p o su res .
Dilution Toxin alone
Extrac; and Toxin  
incubated after  
mixing
Extract and Toxin  
incubated before  
mixing
of toxin Root Shoot Root Shoot Root Shoot
1/10 5 2
3  day
5
exposure
3 5 4
1 /1 0 2 5 16 5 1 1 5 13
1 / 103 42 29 5 18 31 26
1 /104 36 23 21 2 1 27 25
1 / 105 37 32 35 26* 36 30*
1/10 6 8
2 hoxir
5
exposure  
1 1 8 10
1 /1 0 2 29 22 32 22 35 25
1 /1 0 3 29 27 34 24 34 25
1 /10 4 33 27 35 24 40 23
1 /1 0 5 37 29 35 25* 38 28*
Control 
(no toxin) 38 27 3 5 25 38 28
* The la st  s e r ia l  dilution served  as a control.
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Test six: Unautoclaved treatm ents consisting  of C am ellia
extract m ixed in s e r ia l  dilution with toxin, and C am ellia  and 
Victorgrain shoot ex tra c ts ,  1 ml per dilution, w ere incubated 24 
ana 48 hours with toxin, then a ssa y ed  (Table 23)-.
T est seven: Incubation, autoclaving, and filtration  were ad­
justed re lative to tim e of mixing C am ellia  shoot extract and toxin so  
that the 6 treatm ents shown in Table 24 resu lted .
The data in the preceding tab les a ll show e sse n t ia l ly  the sam e  
resu lts:  (1) the addition of plant ex tra c ts ,  1 part to 9 parts of each  
s e r ia l  dilution of toxin, caused  a tenfold to one hundredfold in crea se  
in inhibition of a s sa y  seed lings; (2) this effect was dependent upon 24 
hours of incubation of the extract, but is not changed by longer incu­
bation, (3) the toxicity  of the plant extracts  th em se lv es  w ill not 
account for this in creased  inhibition; (4) the effect is  d im inished or 
lacking when autoclaving of the extract precedes  incubation; (5) the 
effect is not dependent on source of extract, but is more marked when 
shoot ex tracts  are utilized .
T a b l e  2 3. T h e  l e n g t h  in  m m  of r o o t s  a n d  s h o o t s  o f  V i c t o r g r a i n  s e e d l i n g s  g r o w n  in  e x t r a c t -
t o x i n  m i x t u r e s .  M i x t u r e s  i n c u b a t e d  24  a n d  48  h o u r s  a t  r o o m  t e m p e r a t u r e .
Dilution Toxin alone
Toxin plus 
Victorgrain shoot Camellia shoot 
extract extract 
(Diluted 1/10) (Diluted 1/10)
Camellia 
extract 
(Diluted 1/10)
of toxin Root Shoot Root Shoot Root Shoot Root Shoot
1/10 5 6 5
Incubated 24 hours 
7 5 4 5 2
1 / 102 5 12 5 11 5 10 5 11
1/103 31 28 5 16 5 14 39 26
l / io * 51 30 14 26. 11 30 44 29
1 /10^ 45 31 28 29 23 33 41 30
1/10® 28 29 29 28
1/107 28 29 32 28 - -
Control 
(no toxin)* 56 34 26 25 30 24 - -
1/10 5 6 5
Incubated 48 hours
5 5 7 5 4
1/10Z 40 33 5 11 5 15 5 17
1/103 54 35 5 23 5 23 51 37
1/104 - - 9 31 10 31 57 38*
1/10* - - 38 34 22 31 -  -
1/106 36 32 35 35 — -  -
1/107 39 36* 42 34* -  - _  _
Control 
(no toxin) 48 35 39 36 42 34 57 38
* T h e  l a s t  s e r i a l  d i l u t i o n  s e r v e d  a s  a  c o n t r o l .
T a b l e  24 .  L e n g t h  in  m m  of r o o t s  a n d  s h o o t s  of V i c t o r g r a i n  s e e d l i n g s  g r o w n  in v a r i e d  c o m b i n a t i o n s  of
C a m e l l i a  s h o o t  e x t r a c t - t o x i n  m i x t u r e s .
Dilution 1 2 3 4 5 6 7
of toxin) Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot
1/10 5 3 5 3 5 5 5 4 5 1 5 3 5 6
1/102 10 14 5 20 6 16 5 15 7 21 5 16 5 14
1/103 57 38 12 27 31 35 57 39 26 32 5 22 45 34
1/104 55 38 49 35 45 35 58 38 46 37 24 33 46 37*
1/105 52 35 49 35* 37 26 57 35* 51 32 37 33 37 33
Control 
(no toxin) 52 34 49 35 — M 57 35 — «* 46 37
1. Toxin control ser ies.
2. Toxin and extract, autoclaved, then mixed, then incubated 24 hours before assaying.
3. Toxin and extract, mixed then incubated 24 hours, then autoclaved and assayed.
4. Toxin and extract, filtered then incubated 24 hours, then mixed and assayed.
5. Toxin and extract, filtered, then mixed, then incubated 24 hours before assaying.
6. Toxin and extract, mixed, then incubated 24 hours before assaying.
7. Toxin and extract, incubated 24 hours, then mixed.
Note: Extract was in 1/10 dilution in mixtures.
* T h e  l a s t  s e r i a l  d i l u t i o n  s e r v e d  a s  a  c o n t r o l .
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2. Nonadditive effects obtained in plant extract-toxin  m ixtures.
The data obtained in this group of t e s t s ,  contradict the r e ­
sults obtained in the preceding section . In a few te s t s ,  som e increased  
inhibition resu lted  when extracts were mixed with dilutions of toxin, 
but these effects were  ^dnor compared to those described in the p re­
ceding section . The extracts were obtained using the sam e method 
described in the preceding section . The incubation procedure was 
also  the sam e unless otherwise specified .
T ests  one and two: One ml of plant extract was m ixed with
9 ml of each of the various dilutions of toxin. Incubation periods were  
24 hours (Tables 25 and 2b).
The data in Table 25 show no indication that an additive in­
hibitory effect resu lts from the extract-toxin  m ixtures.
In Table 26, there was a 99 per cent lo ss  in activity  of the 
toxin alone at the higher incubation tem perature, whereas in m ixtures  
(one part extract tc nine parts toxin) about 90 per cent of this lo ss  was 
prevented. At the lower incubation tem perature, there was no de­
tectable lo s s ,  nor was there any effect attributable to the extract.
The resu lts  with Cam ellia  were the sam e at both tem p era ­
tu res .
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Table 2 5. Length in mm of roots and shoots of oat 
Cam ellia shoot-toxin m ixtures.
seedling s grown in
Dilution Toxin alone
Mixture incubated Incubated 24 hours 
24 hours then mixed
of toxin Root Shoot Root Shoot Root Shoot
Victorgrain A ssay
1/10 5 22 5 7 5 8
1/10^ 19 52 22 38 32 50
1 / 10 3 62 64 79 64 75 61
1/104 58 51 92 65 78 58
1 /10 5 73 64 64 60 74 63
Control 
(no toxin) 79 58
Cam ellia  A ssay
80 62
1/10 98 78 6 7 52 53 47
\noz — 74 63 99 58
Control 
(no toxin) 8 b 57 80 47
Note: Extract was always diluted 1/10.
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Table 26. Effect of incubation temperature on toxicity of C am ellia  
shoot extract-toxin  m ixtures, as determ ined by length 
fin mm) of roots and shoots of Victorgrain seedlings grown 
in a ssa y .
T oxin-extract m ixtures
Dilution Toxin alone
Diluted with
h 2o
Diluted with 
Buffer
of toxin Root Shoot Root Shoot Root Shoot
1/10 5 25
Victorgrain A ssay
Incubated at 29 -30°  C 
5 34 5 19
1 / 10z 26 55 5 40 8 53
1 /1 0 3 71 69 47 77 53 84
1/104 74 79 76 73 84 88
1 /10 5 80 76 81 87 85 79
1 /10 6 85 74 75 95 97 86
Control 
(no toxin) 84 73 83 92 75 87
1/10 5 3
Incubated at 2 3 -25°C  
5 5 5 5
1 / I0Z 5 13 5 13 5 8
1 /1 0 3 9 33 8 29 10 26
1/104 26 45 43 49 43 52
1 /1 0 5 50 50 30 52 50 55
1 /106 60 55 53 48 60 48
1 /1 0 7 53 49 50 50 50 49
Control 
(no toxin) 75 53 41 49 50 43
1/10 95 78
Cam ellia A ssay
Incubated at 29-30°C  
58 56 66 83
1 /102 75 75 59 90 62 70
1 /1 0 3 72 75 77 76 78 73
Control ■ 
(no toxin) 80 71 60 66 70 60
1/10 47 46
Incubated at 2 3-25°C  
65 56 47 42
1/102 58 51 60 42 55 54
Control 
(no toxin) 65 60 58 47 69 59
Note: Extract is always diluted 1/10.
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Teat tliree: Camellia and Victorgrain seedling shoots were
extracted at the rate of 1 g /5  ml of water. Serial dilutions of extract 
were mixed with ser ia l dilutions of toxin and the mixtures incubated 
for 24 hours at 23-25°C . B ioassays of the mixtures were made with 
Victorgrain seedlings (Table 27).
Test four; Camellia and Victorgrain shoot extracts were 
mixed in 2:1 and 1:1 ratios with toxin. The mixtures were diluted 
ser ia lly  and incubated 36 hours at 29-30°C then bioassayed using Park 
seedlings (Table 28).
Test f iv e : Extracts of shoots of Camellia and Park oats were
obtained by maceration of shoot tissue and water by mortar and pestle. 
For extraction, 1 ml of water was used for extraction of 1 g fresh  
weight of t is su e . Two duplicate ser ies  were established for b io­
assaying: (1) toxin-extract mixture incubated for 24 hours at room  
temperature; (2) nonincubated extract and toxin, mixed immediately  
before assaying. Both toxin and oat extract were made up in seria l  
dilutions. In the incubated s e r ie s ,  the oat extracts and toxin in the 
1:1 ratio were separated into 2 lots , one incubated before, and the 
other after making the eci-ia1. dilution. Serial dilutions of oat ex ­
tracts alone served  as controls. A ssays with Victorgrain 48-93 are 
shown in Table 29.
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Table 27. Length in mm of roots and shoots of Victorgrain seedlings  
growing as b ioassays of oat extract-toxin mixtures; each 
component seria lly  diluted before mixing.
Extract dilution
Dilution Toxin alone 1/10 1 /102 1/103
of toxin Root Shoot Root Shoot Root Shoot Root Shoot
Victorgrain extract-toxin mixture
1 /103 8 18 12 9 19 20 15 17
1/104 34 22 33 12 35 23 25 22
1 /105 34 27 29 12 44 44 29 21
Control 
(no toxin) 35 24 24 8 45 24 40 25
Cam ellia extract-toxin mixture
1 /103 8 18 13 5 19 18 7 17
1/104 34 22 39 15 35 17 29 22
1/105 34 27 30 11 39 22 35 16
Control 
(no toxin) 35 24 25 9 46 25 30 25
The data in Table 27 indicate only sm all differences attributable 
to chance variation.
Table 28. Length in mm of Park and Camellia roots and shoots growing as a bioassay of oat extract- 
toxin mixtures serially diluted after mixing then incubated 36 hours at 29-30°C.
Extract-toxin mixtures Extract-toxin mixtures
________Extracts from____________________ Extracts from_
Dilution of Toxin alone Camellia Victorgrain Dilution of Camellia Victorgrain
Toxin Extract Root Shoot Root Shoot Root Shoot extract Root Shoot Root Shoot
Park Assay
1/10 2/10 5 3 5 0 5 3 1/10 5 5 5 0
1/102 2/102 5 2 5 6 5 8 1/102 5 7 5 13
1/103 2/103 48 33 7 10 15 24 1/103 18 15 26 29
1/104 2 /1 04 51 30 44 25 31 25 1/104 24 20 21 19
1/10* 2/10*
2/10
49 32 43 37 31 18 1/105 22 25 30 25
1/106 59 32 52 34 34 24 1/106 28 24 25 21
Control 
(no toxin) 2/10 60 32 56 25 23 28 1/10 46 25 2 3 28
Camellia Assay
1/10 2/10 36 26 25 26 27 22 1/10 35 22 27 24
1/102 2/102 47 29 40 26 50 28 1/102 39 24 28 25
1/103 2 /10 3 50 28 53 24 43 26 1/103 45 23 41 25
Control 
(no toxin) 2/10 49 27 35 26 31 24 1/10 35 26 31 24
Table 29, Length in mm of roots (R) and shoots (S) of Victorgrain seedlings grown as a bioassay of 
Park and Camellia shoot extracts mixed with toxin in 1:1 and 3:1 ratios.
_____________ Non-incubated________ Incubated__________________________
Park Extract Camellia Extract
 incubated   incubated
Park Camellia Before After Before After
Dilution Toxin alone Extract Extract foxin alone dilution dilution dilution dilution
of toxin R S R S R S R S R S R S R S R S
Extract -Toxin ratio 1:1
1/10 5 2 5 0 5 5 5 0 5 0 5 2 5 0 5 0
1/102 5 6 5 24 5 23 5 7 5 10 5 6 5 10 5 7
1/103 5 25 5 33 8 30 10 19 5 12 27 22 5 13 25 31
1/104 5 16 5 30 20 49 25 18 14 29 49 41 26 30 62 40
m o l 43 55 49 52 54 40 37 29 33 35 42 49 31 36 53 39
1/10* 54 45 71 54 75 52 54 34 36 32 49 48 45 40 51 3 7
1 / 1 0 ' 65 51 73 56 85 59 49 38 45 38 49 43 62 43 64 37
Control
(no toxin) 98 54
Extract:-Toxin ratio 3:1
1/10 5 27 5 22 5 7 5 /0
1/104 5 36 13 39 45 34 36 20
1/105 36 48 34 51 56 31 58 40
1/106 80 53 83 54 62 33 45 40
1 /1 0 7 79 53 98 54 58 39 60 48
Dilution of Controls {extracts only)
extract control -
1/10 44 53 70 56 41 39 11 18
1/10Z 82 40 100 56 94 47 69 45
1/1034 90 56 - - *• r 46 35 53 39
1/10* 68 39 80 45
- s i
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The data in Table 29 indicate tliat a lo ss  of activity of the 
toxin in extract toxin mixture occurred during incubation. This lo ss  
occurred  with both Park and C am ellia ex tracts , and was more marked  
when incubation preceded se r ia l  dilution.
B ioassay  with Cam ellia  seedlings showed only the low degree 
of inhibition by the plant m ateria l itse lf  at 1/10 dilutions.
Test six: Effect of germination water on toxin.
Twenty-five g of C am ellia and Victorgrain oats were g e r m i­
nated and grown for 4 days with daily 20 ml additions of water. On 
the fourth day the water was co llected  and mixed with toxin in d iffer­
ent ratios and ser ia lly  diluted and assayed .
Over a 9 day period, 225 ml of water was added to germ inated  
seedlings (pregerm ination weight, 30 g). The water was drained off 
the ninth day and mixed in 1/10 dilutions with se r ia l  dilutions of toxin 
and assayed . An assay  was made of a modification in which the 
germination water had been passed  through a Seitz f ilter .
The general effect of germination water was to reduce the 
activity of the toxin. The resu lts  were inconsistent, no relationship  
between the ratio of toxin to germination water and the reduction of 
toxin activity being apparent. Nor was there any difference between  
the germination water from  susceptib le and resistant plants. F iltering  
germination water appeared to check the reduction of toxic activity in 
one a ssa y , but not in another.
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Test seven: Effect of Plant Extracts on the Effect of Toxin on
cuttings: The sap of Camellia and Park leaf tissue was expressed and
diluted 1/10, 1/20 and 1/40 with buffer solution and toxin dilutions of 
1/10, 1/100 and 1/1000, In one group of treatments the sap was 
centrifuged to remove the larger particles. Cuttings of Camellia 
and Park oats were placed in all of these treatments and observed to 
see if the extracts had an effect on toxicity to the cuttings.
The effect of the toxin in solution with the plant extracts was 
the same as the toxin in buffer controls. Park cuttings were affected, 
Camellia cuttings were not. The severity of the symptoms was directly 
proportional to the concentration of the toxin. Apparently, at the con­
centrations used, the Park extract did not form a detectable toxic re ­
action product, nor did the Camellia extract afford any protection 
from the effects of the toxin.
Test eight: Effect of Growing Seedlings on Toxin A ctivity: 
Seven dilution series of toxin were set up in petri dishes. At the be­
ginning of test, 5 series  contained Camellia seedlings, 1 series con­
tained Victorgrain seedlings. The seedlings used had been germinated 
for 24 hours. At 2 hour intervals all the seedlings were replaced with 
fresh seedlings. Each time, one series of dishes with Camellia 
seedlings was replaced with Victorgrain seedlings until all series  
contained Victorgrain seedlings only. All the series were then
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bioassayed  with newly germ inated Victorgrain seed lin gs . These were 
allowed to grow for 3 days. A se r ia l  dilution kept in the icebox was 
used as a control.
There was more than a tenfold or 90 per cent decrease  in 
toxicity in all p la tes , including the controls . Apparently the toxin  
lo st  activity m erely  by standing at room tem perature during the test.
Dilutions s e r ie s  with prolonged exposure to C am ellia s e e d ­
lings showed no greater lo ss  of activity than did those with short and 
no exposure.
D iscu ssion
The data obtained in tes ts  one through five gave little indica­
tion of the additive effects  of plant extracts when m ixed with tcxin. In 
som e c a s e s ,  the extracts seem ed  to reduce the lo s s  of toxic activity,  
in others they seem ed  to provide conditions which hastened the lo ss  
of toxic activity in the m ixtures. The exact nature of these conditions 
was not determined. The more important aspects  of these data were  
the com plete rev ersa l of the resu lts obtained in the previous t e s t s ,  
and the fact that incubation of the m ixtures seem ed  n ecessa ry  to pro­
duce or enhance both types of e ffects .
There was no indication, in these t e s t s ,  of differential effects  
based on the source of extract. The tes ts  with germ ination water and 
with cuttings failed to give satisfactory  resu lts .
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Three possible explanations of the conflicting data obtained 
in sections 1 and 2 are: (1) enzym atic action, with enzym es being
derived from  the plant ex tracts , or from  bacterial contaminants;
(2) chelation of the active principle by one or more of the h etero ­
geneous organic colloidal m aterials present in the plant extracts; and,
(3) pH effects which could take place as a result of action by the first  
two factors . Any of the above could cause changes in the activity  of 
the toxin, and varied combinations could produce opposite e ffec ts . A 
fourth possib ility  is that the particular toxic culture filtrates used had 
a bearing on the r e su lts .  In the experim ents in which additive effects  
resulted, the culture filtrate was of a very low activity  whereas the 
filtrate used in subsequent tes ts  was approxim ately a hundredfold 
more active.
B. Effects of Nonplant Factors on Victorin, and Other
Tests
The experim ents with m ixtures of plant extracts and toxin, 
neither confirmed nor disproved the possib ility  that differential non- 
metabolic inactivation of victorin occurred  in resistant plants.
The te s ts  in this section  represent a lim ited  attempt to deter­
mine the effects of nonplant factors and m ateria ls  on dilutions of 
victorin in b ioassay. These and a few other tests  conducted were  
those which seem ed  likely  to provide additional information on the
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properties and mode of action of victorin.
Since bioassays of toxin activity necessitates the use of solu­
tions as diluents of the materials bioassayed; a knowledge of buffer 
concentration and pH effects on resistant and susceptible oats was 
necessary. Moreover, the results obtained by Luke showing the effect 
of pH on charcoal elution in his purification studies, and the instability 
of victorin at pH levels  which are not moderately acid suggested that 
the pH or buffer effect might be of some significance.
Effect of buffer concentration:
Camellia and Victorgrain seedlings were tested at different 
buffer concentrations at pH 5 .6 . A 2:3 ratio of 0. I molar citric acid-
0 .2  molar disodium phosphate buffer was diluted 1 part buffer to 5,
10, 20, 40, 80, and 160 parts of water. Five ml of each dilution was 
used in a petri dish for bioassay with 5 seedling oats. Three b io­
assays were run, each replicated 3 times (Table 30).
The data in Table 30 show that optimum growth and maximum 
buffering capacity will result from a ratio of buffer to water of between 
1:20 and 1:40.
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Table 30. Length in mm of roots and shoots of b io a s ja y  seed lin g s  grovn  
to determ ine the e ffect  of buffer concentration  on seedling  
g rowth.
Buffer Victorp rain A ssa y s C am ellia  A ssa y s
Water ratio Root Shoot Root Shoot
1:5 7 21 8 25
1:10 1 1 33 22 35
1:20 31 42 45 47
1:40 36 44 58 4  7
1:80 36 44 63 48
1:160 29 40 54 42
Control 
(no buffer) 27 36 52 43
Effect of pH:
C am ellia  and V ictorgrain  seed lin g s  w ere te s te d  for growth at 
different pH le v e ls .  The stock  buffer solution  (c itr ic  acid-phosphate)  
was adjusted  at 1 part in 30 parts of water to the following pH le v e ls :  
3, 4 t 5, 6, and 7. F ive  m i at each pH le v e l  was u sed  in petr i dish  
b io a ssa y s  of 5 s e e d lin g s .  T reatm en ts  w ere rep lica ted  3 t im e s  in 2 
b io a ssa y s  (Table 31).
The data in Table 31 show that som e inhibition of V ictorgrain  
seed lin g s  o ccu rred  at a pH of 3 and nona at a pH of 4. The C am ellia
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seedlings were not inhibited at a pH leve l of 5, but were at 4 and 3, 
indicating that Cam ellia seedlings were more affected by acidity than 
Victorgrain seed lings.
Table 31. Length in mm of roots and shoots of seedling oats as an 
exp ress ion  of the effect of the pH level On growth of b io -  
a ssa y  seed lings .
pH Level
Victorgrain Came Ilia
Root Shoot Root Shoot
3 16 30 36 46
4 36 43 43 36
5 31 44 54 48
6 34 44 59 48
( 32 42 55 49
Buffering capacity of oat sap:
In view of the greater tolerance of Victorgrain to the low pH 
and considering the cr it ica l effect of pH on the stability of victorin in 
culture filtrate , sap was extracted from  C am ellia  and Victorgrain  
cuttings and the pH and buffering capacities compared.
Oat cuttings from oats not yet in the boot stage , of the C am ellia  
and Victorgrain 48-93 v a r ie t ie s ,  were minced and the sap exp ressed  
under 12,000 psi. The sap was passed through cheese  cloth, and 5 ml 
of sap from each variety was titrated with approximately 0, 1 N HC1
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using a Beckman Potentiom eter. Some cuttings were a lso  frozen -  
and-thawed before expressing the sap and titrating. A portion of the 
latter sam ples were centrifuged to throw out the coarser  suspended  
m ateria ls  before titration. These were a lso  titrated in 5 ml lo ts .
The unfrozen, noncentrifuged Cam ellia sap had an initial 
pH of 6. 35. Addition of 1.8 ml of the 0, 1 N HC1 brought the pH down 
to 3 .07 . Th#» paired Victorgrain sap had an initial pH of 5 .95  and 3 .0  
ml was required to lower the pH to 3 .01 . The frozen-and-thawed  
C am ellia sap had an initial pH of 6. 38; 1.5 ml of HC1 reduced it to 
3 .5 ,  and 2 .0  ml reduced it to 2 .9 8 .  The initial pH of the Victorgrain  
counterpart was 6. 15; 3 .0  ml of HC1 reduced the pH to 3 .26  and 3 .5  
ml reduced it to 2 .9 .
Sim ilar resu lts  were obtained with the centrifuged portions 
of the exp ressed  sap. The pH of the Cam ellia sap was 6 .4  and 3 .5  
ml of 0. 1 N HC1 reduced it to 2, 04, while the initial pH, 6. 25, of the 
Victorgrain sap was reduced to 2. 84 when 3. 5 ml of 0. 1 T' HCl was 
added.
The data showed that the pH of Cam ellia  and Victorgrain sap  
varied slightly but was essen tia lly  the sam e. However the buffering 
capacity of the exp ressed  C am ellia  sap was only two-thirds of the 
capacity shown by the Victorgrain sap. This would not support the 
proposition that victorin would be more readily inactivated by C am ellia
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sap because of d ifferences in pH and buffering capacity. If the m ain ­
tenance of a high pH le v e l  were instrum ental in the inactivation of 
victorin  within a plant, then the data obtained suggest that inactiva­
tion should proceed  m ore readily in susceptib le  V ictorgrain  plants. 
Attempts to antagonize v ic tor in :
The effects  of many drugs and toxic agents depend upon a
f
ch em ica l s im ila r ity  to a normal m etabolic product. For this reason  
structurally  s im ila r  analogues frequently will antagonize the inhibitory  
effects  of these agents. To explore the p oss ib ility  that such a rev e rsa l  
might be dem onstrated, inactivated v ictorin  and yeast extract were  
used  in combination with victorin  dilutions to evaluate their e ffects  on 
b io a s s a y s .
The inactivated m ateria l was u sed  because due to the ready in ­
activation of victorin under mild treatm ent, i . e .  , com plete inactivation  
in short exp osu res  at m oderate to high tem p eratu res  in mildly alkaline  
solution, it was felt that the degradation product probably bore a c lo se  
structural s im ila r ity  to v ictorin . If this were so , and if v ictorin  acted  
as a sp ec if ic  inhibitor of a particular enzym e or s y s te m , then there  
would se e m  to be a good probability that the degradation product would 
antagonize the effects  of v ictorin .
Yeast extract was used b ecause  it contains many e s se n t ia l  m etab­
o lites  which are known to have antagonized sp ec if ic  enzym e inhibitors.
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T h e  e f f e c t  of  h e a t - i n a c t i v a t e d  t o x i n  on v i c t o r i n :
A few drops of concentrated HCl was added to a solution 
of victorin to depress the pH to 1,0. Similarly, a few drops of con­
centrated NaOH was added to another solution of victorin to raise the 
pH to 8 .0 . The 2 samples were then, autoclaved for 30 minutes. After 
cooling, the pH in each tube was adjusted to 3. 5 by adding the con­
centrated acid or base. The toxic activity of the solution autoclaved 
at pH 8.0 was now destroyed and each solution had comparable por­
tions of acid and base added.
Five serial dilutions of toxin were established with dilutions 
ranging from 1/10^ to 1/10^. Four serial dilutions of inactivated toxin
were established through cross dilution of the toxin serials in a factor-
2ial relationship. The dilutions of inactivated toxin ranged from 1/10 
to 1/10 . There were series of dilutions of toxin with no detoxified 
solutions and vice versa. The control was buffer solution. The treat­
ments were then placed in petri dishes and bioassayed with Victorgrain 
and Camellia seedlings (Table 32).
The data in Table 32 represent an average of 3 bioassays. 
There was some variation since 1 assay gave indications that antago­
nism occurred on a competitive basis. This however, was not sub­
stantiated by subsequent tests.
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Table 32. Length in mm of roots and shoots of Victorgrain seedlings, 
grown i s  bioassays of mixtures of active and inactive 
victorin.
Dilutions of Inactivate d Toxin
Dilutions 1/IQ2 1/IQ 3 1/104 1/IQ5 Control
of toxin Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot
1/102 5 20 5 23 5 22 5 23 5 17
1 / 103 11 31 10 28 6 26 7 27 6 28
1/104 33 34 32 36 31 35 15 35 15 29
i / io5 50 42 47 37 48 43 36 43 43 42
1/106 42 55 55 40 56 41 47 41 51 42
Control 58 45 55 44 59 43 56 43 51 45
Effect of yeast extract on victorin:
Three test ser ies  were set up, each containing 2 replicate 
seria l dilutions of toxin. To 1 s e r ie s ,  yeast extract was added so that 
each dilution cortained 100 ppm yeast extract. These were incubated 
at room temperature for 20 hours, then bioassayed. To a second 
s e r ie s ,  the sam^ concentration of yeast extract was added immediately 
before adding assay  seedlings. The third se r ie s ,  to which no yeast 
extract was added served as a control. After 3 days, root and shoot 
elongation was recorded (Table 3 3).
The results of a sim ilar test, differing in that all the materials 
were passed through a Seitz bacterial filter before incubation, are given
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i n  T a b l e  34 ,  V i c t o r g r a i n  s e e d l i n g s  w e r e  u s e d  i n  a l l  a s s a y s .
Table 33. Length in mm of roots and shoots of Victorgrain seedlings 
grown as bioassays of yeast extract-toxin mixtures.
Dilution Toxin alone
Yeast Extract 
Nonincubated
-Toxin Mixtures 
Incubated
of toxin Root Shoot Root Shoot Root Shoot
1 / 1 0 5 14 5 16 5 12
i / i o 2 30 68 12 52 5 30
1 / 1 0 3 68 74 66 70 22 56
1 / 1 0 4 67 68 70 81 43 64
1 / 10 5 58 74 62 70 59 73
Control 
(no toxin) 56 71 64 66 56 75
The data in Table 33 indicate that the inhibitory effect of the 
yeast extract-toxin mixture was greater than the inhibition exerted by 
toxin alone. The inhibition of the incubated mixture was greater than 
in the nonincubated mixture.
The data in Table 34 indicate that the same effects were ob­
tained as in the previous tes t  although the differences between trea t­
ments are sm aller.
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Table 34. Length of roots and shoots of Victorgrain seed lings  grown  
as a b ioassay  of yeast ex tract-tox in  m ixture, both c o m ­
ponents S e itz -f i ltered .
Y east E x tra ct- Toxin M ixtures
Dilution Toxin alone Nonincubated Incubated
of toxin Root Shoot Root Shoot Root Shoot
1/10 5 10 5 10 5 11
1 /1 0 2 5 19 5 16 5 15
1 /1 0 3 8 23 5 24 7 24
1/104 20 31 8 31 12 31
C ontrol 
(no toxin) 44 43 — Mi 38 40
The effect of m agnesium  sulphat*e on the toxicity  of victorin:
The in crea sed  resp iration  evoked in V ictorgrain oats treated  
with victorin  led  to the p ossib ility  that victorin acted as a resp iratory  
uncoupler. Since the resp iration  in crea se  produced by exposure of 
Victorgrain cuttings to DNP was not the sam e as that produced by 
exposure to v ictorin , it seem ed  p ossib le  that another type of uncoupling 
may have been op erative , nam ely the type induced by the tetracycline  
antibiotics and which can be rev e rse d  by the addition of m agnesium .  
Although in creased  resp iration  has never been dem onstrated in this  
type of uncoupling, b io a ssa y s  were se t  up using victorin  in com bina­
tion with m agnesium  sulphate in order to te s t  this p o ss ib ility .
MgSO^ . 7H^O was added to standard buffer solution at vatious  
ra tes .  T hese  so lu tions w ere then used in s e r ia l  d ilutions of toxin  
which w ere b io a ssa y ed  with V ictorgrain  48 -9  3 o a ts .  In one te s t ,  the 
trea tm en ts  w ere s e r ia l  dilutions of toxin up to 1 /10^ , in buffer s o lu ­
tion containing: no MgSO^ , .01  M MgSO^, and . 001 M MgSO^. The 
lo w est  concentration  of MgSO^ proved to be inhib itory, so  in a s u b s e ­
quent t e s t  the m olarity  of the MgSO^ in buffer was reduced  to 0 .0001  
and 0 .00001  M. The average  r e su lts  of 2 b io a ssa y s  appear in Table 35.
Table 35. Length of roots and shoots of V ictorgra in  seed lin g s  grown as  
a b io a ssa y  of the e ffect  of MgSO^ on the tox icity  of v ic tor in .
Dilution 1 2 3
of toxin Root Shoot Root Shoot Root Shoot
1/10 5 18 5 15 5 16
1 /1 0 2 5 27 9 25 7 27
1 /1 0 3 18 36 27 43 16 38
1 /1 0 4 47 45 50 48 49 48
1/1 o5 58 45 59 43 53 42
1 /1 0 fc 47 44 64 43 57 46
C ontrol 
(no toxin) 51 38 63 44 54 43
1. Dilution s e r ie s  of toxin  without MgSO^
2. Dilution s e r ie s  of toxin  in 1 0~ 4  M M gSO ^
— 53. Dilution s e r ie s  of toxin in 10 M MgSO^
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The da ta  in T ab le  35 show that  t h e r e  is  a s m a l l  but  c o n s i s t e n t
decrease of toxicity in the ser ia l dilutions of victorin which contain 
—
10 M MgSO^. On the other hand the seedlings in the control so lu ­
tion show this sam e relative in crea se , so possibly the effect is a 
stimulation rather than inhibition. An effect not exp ressed  in the data 
was the definite decrease in necrotic  browning of the root tips where 
MgSO^ was present in the lower victorin dilutions.
Effect of Chaetomium filtrate on the activity of culture f i l tr a te s :
B ecause reports in the literature cited the presence of 
Chaetomium spp. as being detrim ental to the development of Victoria  
blight d isea se , it appeared possible that Chaetomium spp. produced 
substances which in som e way inactivated the toxin produced by H. 
v ic to r ia e .
Cultures of Chaetomium cochliodeB were grown in liquid 
medium for the purpose of testing the filtrate against toxic culture 
filtrates of H. v ic to r ia e .
Cultures of Chaetomium cochliodes were grown in liquid F r ie s '  
medium for 1 month. At the end of this period, the filtrate had an 
orange color with a green tint, such as a light motor oil has. One 
ml of this filtrate was added to 9 ml of toxin and the mixture ser ia lly  
diluted. In 1 set of dilutions, this mixture was incubated for 24 hours 
before assaying. In another se t ,  the mixing was done im m ediately  
before assaying. The roots and shoots of the Victorgrain 48-9 3 assay
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s e e d l i n g s  w e r e  m e a s u r e d  a f t e r  3 d a y s  ( T a b l e  36) .
Table 36. A ssay of Chaetomium filtrate-toxin mixtures.
Filtrate-Toxin Mixture 
Dilution Toxin alone Incubated Nonincubated
of toxin Root Shoot Root Shoot Root Shoot
1/10 5 3 5 4 5 5
1 / 10Z 10 14 5 16 5 15
1 /10 3 57 38 10 26 44 41
1/104 55 38 29 32 35 34
1/105 52 35 47 36* 43 39*
Control 
(no toxin) 52 34 47 36 43 39
* Serve as controls.
The data in Table 36 showed no reduction of toxic activity in 
the assays of Chaetomium filtrate-toxin m ixtures. The effect was to 
the contrary, root and shoot growth having been inhibited by the m ix­
tures which had been incubated. The Chaetomium extracts them selves  
showed a slight degree of inhibition at the leve ls  tested . Subsequently, 
it was reported that the suppression of Victoria blight by Chaetomium  
spp. was due to soil antagonism.
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Dialysis  of victorin:
A sample of concentrated toxin was dialyzed to determine if 
the victorin or toxic activity were dialyzable, and to determine if it 
were readily dialyzable. This would indicate something about the 
size of the molecule and provide a basis for experiments which might 
utilize the ability or lack of ability of victorin to pass through a m em ­
brane .
Concentrated toxin was dialyzed in 50 tim es its volume of 
distilled water by placing 31,5 ml of toxin in cellulose dialysing tubing 
which was placed, in turn, in 15 75 ml of distilled water in a 2000 ml 
beaker. After 24 hours, the tube was removed and 4 dilution series  
were set up for bioassay with Victorgrain and Camellia seedlings. The 
ser ies  were: (1) original toxin before d ialysis, (2)^t,oxin witliin tube 
after dialysis, (3) dialysing solution, (4) a mixture of (2) and (3) in a 
1:50 ratio. The assays of dialyzing liquid were adjusted to begin at a 
dilution of 1/10^. The seedlings were measured after 3 days.
The results of the assays with Victorgrain seedlings 
(Table 37), show that the active toxic principle is dialyzable. The 
toxic principle seem ed to be distributed equally, without as well as 
within the dialyzing membrane. Assays with Camellia seedlings  
showed no inhibition whatsoever, indicating that the nonspecific toxin 
(b elieved to be formed in the culture filtrate) had also dialyzed to the 
extent that its low degree of activity could no longer be detected.
T a b l e  37. L e n g t h  in m m  of r o o t s  a n d  s h o o t s  of V i c c o r g r a i n  s e e d l i n g s  w h e n  g r o w n  in t h e  c o m p o n e n t s
o f  t h e  t o x i n  d i a l y s i s  e x p e r i m e n t .
Combined dialyzed
Dilution and
or Dialyzed toxin Dialyzing water Nondialyzed toxin dialyzed liquid
treatments Root Shoot Root Shoot Root Shoot Root Shoot
1/10 6 6 7 0
1/102 7 13 10 13
1 / 10 3 8 12 6 17 7 15 7 10
1/104 19 41 9 32 13 51 11 20
1/105 26 43 28 64 27 39 30 45
1/106 20 37 41 42 41 43 42 48
1/107 32 34 39 42 37 46
Control 
(no toxiri) 50 53
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In Vivo toxin P ia lyB is:
The ready dialysis of the victorin led to an attempt to demon­
strate the production of a toxin in vivo by means of d ia lysis .
This test was conducted at two tem peratures; (1) room  
tem perature, 30 to 35° C. , and (2J_22° C. plus or minus 2°, At 
each tem perature, 4 250 E rlenm eyer flasks were used. Each flask  
contained 2 dialyzing tubes. Six sm all Cam ellia seedlings were placed  
in one tube, and 6 sm all V ictorgrain seedlings were placed in the 
other tube. All tubes and beakers contained a solution com posed of: 2
g Hyponex Plant F ood , 20 ml 0. 1 M c itr ic  acid, and 10 ml 0 .2  M- 
sodium phosphate in 1 liter  of solution with tap water. The pH was 
between 5 and 6. In the center of one beaker, 75 to 100 Victorgrain  
seedlings were placed; in another, 75 to 100 Victorgrain seedlings  
and some m acerated and washed m ycelium  of H. v ic to r ia e ; a third  
beaker contained 75 to 100 Cam ellia  seedlings and m ycelium , the 
fourth beaker contained only m acerated m ycelium  surrounding the 
dialyzing tubes with the seed lin gs . The seedlings were 2 weeks old. 
The m ycelium  was obtained from  8 six -day  old mats on liquid culture.
Symptoms p rogressed  more rapidly at the higher tem p era­
ture. Yellowing appeared f ir s t  at 16 hours, browning of coleoptiles  
by 20 hours, and flaccid ity  of the inoculated Victorgrain seedlings in 
the beaker by the twenty-fourth hour. After 40 hours, the Victorgram  
seedlings in the dialyzing tubes, of the beaker with inoculated
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Victorgrain seed lings , showed sym ptom s. t5y 60 hours, the Victorgrain  
seedlings in all tubes where m ycelium  was present in beaker, showed 
wilting and yellowing, indicating that toxin, previously present in the 
m ycelium , was being dialyzed. The pH rose during the test to 7 
after 48 hours. In the cold room, symptoms were slow er to appear 
and were not sev ere .
Effects of ascorb ic  acid on cuttings exposed to toxin:
The extraction of sap from cuttingB had led to the observation  
that the sap of Victorgrain was invariably darker or became darker 
than the sap from  Cam ellia cuttings. This indicated the possible  
presence of polyhydroxyphenols. These substances are cited in the 
literature as capable of producing the dark discoloration of injured or 
diseased  plant t is su e . It has been shown that 1-ascorb ic  acid may 
prevent this discoloration.
A scorbic acid at 1000, 100, and 10 ppm was added to buffer 
solution and to toxin diluted 1:9. A buffer solution and a toxic d ilu­
tion without ascorbic acid served  as controls. Three Victorgrain  
cuttings were placed in each solution and buffer solution was added 
periodically for the duration of the te s t ,  88 hours.
Under the conditions im posed, the ascorb ic  acid did not p re ­
vent wilting or discoloration of cuttings at any concentration. Its 
only apparent effect was reduction of transpiration.
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Effect  of v ic to r in  on co rn  co leop t i le s :
Low c o n c e n t ra t io n s  of toxic s u b s ta n c e s  often  s t im u la te  g row th  
hence the p o s s ib i l i ty  of an au x in - l ik e  ac t ion  by v ic to r in  was  i n v e s t i ­
ga ted .
White-kernel corn was washed in running tap water then 
allowed to germinate in darkness. After 3 days germination, and 
using a light filtered through red cellophane, sections of coleoptile,
3 .4  mm long and about 3 mm from the coleoptile tip were made.
The cut sections were placed in petri dishes containing ser ia l  
dilutions of toxin. In one s e r ie s ,  a high activity toxin was used; in 
another a low activity toxin. Controls of no toxin as well as indol- 
acetic acid at 1 and 10 ppm were used. The test dishes were 
wrapped in paper bags to prevent exposure to light. Measurements 
were made after 20 hours. The test m aterial was handled in the dark, 
except when exposed to red light (Table 38).
The data of ser ia ls  1 and 2 suggest the possibility that an 
auxin or auxins may be present in the crude extract. This is not 
substantiated by ser ia l 3, nor does it indicate that victorin itself had 
a stimulatory effect, since auxins may ex ist  as metabolic impurities  
of the culture filtrates .
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Table 38. Effect of toxin on elongation (in 
(10 hours exposure iii dark).
mm) of corn coleoptile  s
Dilution Low activity  toxin High activity toxin Indol-acetic
of toxin Seria l 1 S eria l 2 Serial 3 acid (ppm)
1 / 1 0 5. 0 4 .  8 4 .9 5.  7 ( 1 0 )
1 / 1  o z 5. 8 5. 5 4. 8 5. 6 ( 1 )
1 /  1 0 3 5. 3 5. 7 5. 1
i / 1 0 4 5. 5 5 .5 4 . 9
1 / 1 0 5 6 .  0 5 .8 4 .9
1 / 1 0 6 5. 7 5 .9 4. 8
1 / 1 o 7 5. 5 5. 3 4 .  8
C ontrol 
(no toxin) 5 .1 5. 3 5. 1
N ote: 1. C oleoptiles  were cut in dark under red light when 0 .5  to 1.5
inches long.
1. Lengths of co leop tiles  were 3 .4  mm plus or minus 0. 2  at 
beginning of te s t .
D iscu ssion
Although the resu lts  obtained in this section  contributed  
litt le  concrete evidence toward a mode of action of victorin of the 
m echanism  of res istan ce; a few indications of such evidence were  
note d.
Although the resu lts  obtained on the effect of m agnesium  on
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the inhibition of victorin were based on too few tests to be conclusive, 
a definite effect was observed, both on root growth of susceptible  
seedlings and in the reduction of root-tip browning. Both magnesium  
sulphate and victorin stimulated root growth of susceptible seedlings  
when applied at low concentrations. The effect of magnesium sulphate 
upon root elongation and root-tip browning indicated that magnesium  
may normally be involved in the process or p rocesses  affected b\ 
victorin. It may be that the concentration of magnesium sulphate 
necessary to completely reverse the effect of victorin would itself be 
inhibitory. Such an overlap of magnesium sulphate and victorin in­
hibitions would necessarily  preclude strong evidence of a reversal, 
but would not eliminate the possibility of action at a common metabolic 
s it e .
The indication that the buffering capacity of Camellia sap 
was ie se  than that of Victorgrain sap offered an explanation for the 
data showing that Camellia see;llings could not tolerate acidity as well 
as Victorgrain seedlings. While these findings did not contribute to an 
understanding of res istan ce , it is possible that this difference in buffer­
ing capacity and tolerance of low pH was associated  with the conditions 
which caused Camellia to be resistant and Victorgrain susceptible to 
victorin. The critical effect of pH on the stability of victorin, and on 
the efficiency of charcoal elution indicated that a low pH, or some
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condition a s so c ia ted  with low pH played a pa r t  in the action of this toxin.
I'he at tempt to show evidence of in vivo toxin production was 
confounded by the v ic torin ,  r e l e a s e d  by the m ycelium , and by the 
tendency of the seedlings to r a i s e  the pH of the solut ion. In o rd e r  to 
dem ons tra te  in vivo production of a toxin by this method, an e x p e r i ­
ment would iiave to be devised which would control  both the pH and the 
r e le a s e  of v ic to rin  f rom  surp lus  inoculum.
SUMMARY AND CONCLUSIONS
The data obtained in these  s tud ie s  have given some indicat ion 
of the m e c h a n is m  of host r e s i s t a n c e  and su scep t ib i l i ty  to v ic to r in ,  the 
ac t ive  p r inc ip le  of cu ltu re  f i l t r a t e s  of H e lm in th o sp o r iu m  v i c t o r i a e .
The data ob tained in the e x p e r im e n t s  des igned  to r e c o v e r  
v ic to r in  f ro m  exposed  cuttings showed that v ic to r in  was re g u la r ly  r e ­
co v e red  f ro m  the exposed  cutt ings  of su scep t ib le  plants  but not f ro m  
those  of r e s i s t a n t  p lan ts .
The fa i lu re  to r e c o v e r  v ic to r in  f ro m  cutt ings of r e s i s t a n t  
plants could not be expla ined on the b a s i s  of d i f fe ren t ia l  uptake since  
the T .Q .  of both r e s i s t a n t  and suscep t ib le  cutt ings was e s s e n t i a l ly  the 
sam e  when both w ere  placed in a toxic so lut ion.  F u r t h e r m o r e  b i o ­
a s s a y s  of the r e s id u a l  toxic i ty of the ex p o su re  so lut ions r e v e a le d  no 
d if fe rence  in tox ic i ty ,  indicating tha t  ne i th e r  se lec t iv e  uptake by s u s ­
ceptib le  cu t t ings ,  nor  se lec t ive  re jec t io n  by r e s i s t a n t  cutt ings o c c u r r e d .
On the bas is  of these  f indings,  the possib i l i ty that v ic to r in  was 
s to r e d  in a r e a s  not sens i t ive  to its ac t ion  no longer s e e m e d  tenab le ,  
s ince  such an o c c u r r e n c e  should not p reven t  the r e c o v e r y  of v ic to r in  
f ro m  r e s i s t a n t  p lan ts .  F o r  the sam e  r e a s o n s  an a l t e rn a t e  m etabo lic  
s y s t e m  which could a s s u m e  the su m  of r e s p i r a t o r y  ac t iv i t ie s  would 
a p p e a r  to be ru led  out as  the m e c h a n ism  for r e s i s t a n c e .
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The r e s p i r a to r y  studies gave no indication tnat v icto rin  was 
being act ively metabolized  in the r e s i s t a n t  host,  although this  p o s s i ­
bility cannot be cons id e red  e l iminated  since th e re  may have been a 
masking effect due to a p reponderance  of ca rbohydra te  ut i l izat ion.
On the other  hand, the two, th r e e ,  and fourfold in c re a s e  of re sp i ra t io n  
by the susceptib le  host upon exposure  to v ic to rin  indicated a powerful 
d is tu rbance  of its m e tabo l ism .  This in c re a s ed  r e s p i r a t io n  could be 
due to a s t im ula t ion  of al l  the r e s p i r a to r y  p r o c e s s e s ,  to a s t imulat ion  
of the oxidative p ro c e s s e s  only, or to an inhibition of r e s p i r a to r y  con­
t ro l  m echan ism s  such as occurs  when contro l led  phosphoryla t ion  is 
d is tu rbed .  There  was no evidence that  would indicate whether the i n ­
c r e a s e d  ra te  of r e sp i ra t io n  was a pathological  condition, pe r s e , or  
whether it was m ere ly  a side effect of a pathological  condition induced 
by v icto rin .  The R .Q . of near  1.0, was s im i la r  to that obtained in 
ru s t  and powdery mildew infection. The in c re a s e d  ra te  in roots  of 
susceptib le  plants would indicate that the effect was not one of s t im u ­
lated syn th es is .
The ex pe r im en ts  on the effect of plant e x t ra c ts  on v ic to r in  did 
not yield consis ten t  data, nor did the o ther  minor te s t s  give any p o s i ­
tive indicat ion as to the na ture  of r e s i s t a n c e ,  or  mode of action of 
v ic to rin .  However,  the r e su l t s  obtained with plant ex t ra c t s  did ind i ­
cate that inactivation was probably not a consequence of a chem ica l
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entity unique to resistant plants.
From the results obtained it would appear that resistance to 
victorin (and to Helminthosporium victoriae) results from one of two 
alternatives. One would be an ability to inactivate the material before 
the effect leading to increased respiration could occur. This inactiva­
tion would apparently be dependent upon the fulfillment of c rtain con­
ditions (as yet unknown) which probably exist only in intact tissue and 
which may be enzymatic in nature. The other alternative, possible 
if victorin were not a toxic material per s e , would result from an 
absence of toxin formation in the resistant host.
The results indicate that inactivation of victorin proceeds in 
susceptible plants, but not before an interaction occurs which results  
in, or leads to, increased respiration. This increased respiration  
undoubtedly results in an impoverishment of carbohydrate reserves  
within affected ce lls . It is likely, that the end products cannot be 
efficiently utilized by the affected cells and that thev accumulate and 
diffuse into the vascular elements where they may be carried downward 
to the site of infection. There these products may be utilized in the 
nourishment of the toxin-producing pathogen.
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